FAA-AEE-05-01
DOT-VNTSC-FAA-03-09

Fitchburg Municipal Airport
Noise Measurement Study:
Summary of Measurements, Data and Analysis

Maule M-7-235C

Piper Twin Comanche PA-30
Piper Navajo Chieftain PA-31-350
Piper Warrior PA-28-161

Beech 1900D

Eurocopter EC-130 Helicopter
Robinson R-22 Helicopter

Clay N. Reherman
Christopher J. Roof
Gregg G. Fleming
David A. Senzig
David R. Read
Cynthia S. Y. Lee

U.S. Department of Transportation

Research and Innovative Technology Administration

John A. Volpe National Transportation Systems Center
Environmental Measurement and Modeling Division, DTS-34
Cambridge, MA 02142

November 2005

U.S. Department of Transportation

Federal Aviation Administration



Notice

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for its contents or use thereof.

Notice

The United States Government does not endorse
products or manufacturers. Trade or manufacturers’
names appear herein solely because they are
considered essential to the objective of this report.




REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of infornation is estinated to average 1 hour per response,
including the time for review ng instructions, searching existing data sources, gathering and maintalning the
data nee ed and conpl eti ng and reV| ew nP the col[ection of information. Send conments fegarding this birden
estimate or any other aspect of this collection of infornmation, |nc| ud| ng suggest|ons for reduci nP this burden,
to V\ashln ton adquarters Servi ces D|rec orate for Infornmation ations and Reports, 1215 Jefferson Davis
%/ uite 120 Arl'ington, VA 22202-4302, and to the Office o Managemant and Budget, Paperwork Reduction
Pr 01 ect’ (0704-0188). Washi ngton, DC 20503.
1. AGENCY USE ONLY (Leave bl ank) 2. REPORT DATE 3. REPORT TYPE AND DATES C(I)\/ERED
Letter Report, April 2002 —
Novenber 2005 August 2002
4. TITLE AND SUBTI TLE ) ) 5. FUNDING NUMBERS
Fi t chburg Muni ci pal Airport Noi se Measurenent Study:
Summary of Measurenents, Data and Anal ysis FP- 01/ CS075
FA- 65/ CS033
6. AUTHOR(S)
Cay N. Reherman'”, Christopher J. Roof‘“, Gegg G Flening”, David A Senzig?,
David R Read", and Cynthia S.Y. Lee
7. PERFORM NG ORGANI ZATI ON NAME('S) AND ADDRESS( ES) 8. PERFORM NG ORGANI ZATI ON
(1)U. S. Departnment of Transportation (2) Senzi g Engi neering REPORT NUVBER

Research and I nnovative Technol ogy Admi nistration 269 Hi ghl and Avenue
John A. Vol pe National Transportation Systems Center  Wnchester, MA 01890 DOT- VNTSC- FAA- 03- 09
Envi ronnental Measurenent and Model i ng Division, DTS-34
Canbridge, MA 02142

9. SPONSORI NG/ MONI TORI NG AGENCY NAME(S) AND ADDRESS( ES) 10. SPONSORI NG/ MONI TORI NG
(1)Western Pacific Regional Ofice (2)Ofice of Environment and Energy AGENCY REPORT NUVBER
Federal Aviation Administration Federal Aviation Administration FAA- AEE- 05- 01
15000 Avi ation Boul evard 800 | ndependence Avenue, S.W
Lawndal e, CA 90261 Washi ngton, DC 20591

11. SUPPLEMENTARY NOTES
FAA Program Managers: Barry Brayer, Brian Arnstrong, and Steve Muy; AWP-4,
Western Pacific Regional O fice; Sandy Liu and Jon Pietrak, AEE-100, Headquarters

12a. DI STRI BUTI ON AVAI LABI LI TY STATEMENT 12b. DI STRI BUTI ON CODE
This docunent is available to the public through the National Technical
Information Service, Springfield, VA 22161

13. ABSTRACT (Maxi mum 200 words)
The U. S. Departnment of Transportation, John A. Vol pe National Transportation Systenms Center (Volpe Center),

Envi ronnental Measurenment and Mdeling Division, is providing technical support to the Federal Aviation
Administration (FAA), with the cooperation of the National Park Service (NPS), toward the devel opment of Air
Tour Managenment Plans (ATMPs) for all National Parks with comercial air tours. In April, My, and August

2002, the Vol pe Center neasured noise for seven aircraft, six of which have been identified as participating in
commercial air tour operations over units of the NPS, including the Maule M 7-235C, the Piper Twin Conmanche PA-
30, the Piper Navajo Chieftain PA-31-350, the Piper Warrior PA-28-161, the Eurocopter EC- 130 helicopter, and
the Robinson R-22 helicopter. The Beech 1900D was neasured as a target of opportunity for the Vol pe Center’s
Proj ect supporting the devel opnent of FAA's Integrated Noise Mdel. This docunent describes the planning and
execution of the study at Fitchburg Miunicipal Airport in Fitchburg, Massachusetts. Additionally, the data
reduction procedures and data adjusted to standard conditions are presented.

14. SUBJECT TERMB 15. NUMBER OF PAGES
Aircraft noise, air tours, helicopters, noise neasurenents, noise, propeller aircraft, 168

Integrated Noise Mddel, INM Air Tour Managenent Pl an
16. PRI CE CODE

17. SECURI TY CLASSI FI CATI ON 18. SECURI TY CLASSI FI CATI ON 19. SECURI TY CLASSI FI CATI ON 20. LI M TATI ON OF ABSTRACT
OF REPCRT OF TH S PAGE OF ABSTRACT
Uncl assi fi ed Uncl assi fi ed Uncl assi fi ed Unlimted
NSN 7540- 01- 280- 5500 St andard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. 239-18 298-102




METRIC/ENGLISH CONVERSION FACTORS

ENGLISH TO METRIC METRIC TO ENGLISH
LENGTH (APPROXIMATE) LENGTH (APPROXIMATE)
1inch (in) = 2.5 centimeters (cm) 1 millimeter (mm) = 0.04 inch (in)
1 foot (ft) = 30 centimeters (cm) 1 centimeter (cm) = 0.4 inch (in)
1yard (yd) = 0.9 meter (m) 1 meter (m) = 3.3 feet (ft)
1 mile (mi) = 1.6 kilometers (km) 1 meter (m) = 1.1 yards (yd)
1 kilometer (km) = 0.6 mile (mi)
AREA (APPROXIMATE) AREA (APPROXIMATE)
1 square inch (sq in, in®) = ?.5 §)quare centimeters 1 square centimeter (cm?) = 0.16 square inch (sq in, in?)
cm
1 square foot (sq ft, f*) = 0.09 square meter (m?) 1 square meter (m?) = 1.2 square yards (sq yd, yd?)
1 square yard (sq yd, yd’) = 0.8 square meter (m?) 1 square kilometer (km?) = 0.4 square mile (sq mi, mi?)
1 square mile (sq mi, mi®) = (2k6 §)quare kilometers 10,000 square meters (m?) = 1 hectare (ha) = 2.5 acres
m
1 acre = 0.4 hectare (he) = 4,000 square meters (m?)
MASS — WEIGHT (APPROXIMATE) MASS — WEIGHT (APPROXIMATE)
1 ounce (0z) = 28 grams (gm) 1 gram (gm) = 0.036 ounce (0z)
1 pound (Ib) = 0.45 kilogram (kg) 1 kilogram (kg) = 2.2 pounds (lb)
1 short ton =2,000 = 0.9 tonne (t) 1 tonne (t) = 1,000 kilograms (kg)
pounds (Ib) = 1.1 short tons
VOLUME (APPROXIMATE) VOLUME (APPROXIMATE)
1 teaspoon (tsp) = 5 milliliters (ml) 1 milliliter (ml) = 0.03 fluid ounce (fl 0z)
1 tablespoon (tbsp) = 15 milliliters (ml) 1 liter (I) = 2.1 pints (pt)
1 fluid ounce (fl 0z) = 30 milliliters (ml) 1 liter (I) = 1.06 quarts (qt)
1cup© = 0.24 liter (I) 1 liter (I) = 0.26 gallon (gal)

1 pint (pt) = 0.47 liter (1)
1 quart (qt) = 0.96 liter (I)
1 gallon (gal) = 3.8 liters (l)

1 cubic foot (cu ft, ft') = 0.03 cubic meter (m®) 1 cubic meter (m*) = 36 cubic feet (cu ft, ft*)
1 cubic yard (cu yd, yd®) = 0.76 cubic meter (m®) 1 cubic meter (m*) = 1.3 cubic yards (cu yd, yd®)
TEMPERATURE ExacT) TEMPERATURE ExacT)
[(x-32)(5/9)] °F = y°C [(9/5) y + 32]°C = x °F
QUICK INCH - CENTIMETER LENGTH CONVERSION
0 1 2 3 4 5
nchos | ||||I||||||| - b
Centimeters § 1 2 3 4 5 6 7 8 9 10 1 12 13

QUICK FAHRENHEIT - CELSIUS TEMPERATURE CONVERSION

°F -40° -22° -4° 14° 32° 50° 68° 86° 104° 122° 140° 158° 176° 194° 212°
1 ] ] ! ! ] : ! ! ] : 1 ] 1 ]

I T T T T T T T 1
°C -40° -30° -20° -10° 0° 10° 20° 30° 40° 50° 60° 70° 80° 90° 100°

For more exact and or other conversion factors, see NIST Miscellaneous Publication 286, Units of Weights and
Measures. Price $2.50 SD Catalog No. C13 10286 Updated 6/17/98



Acknowledgements

The authors of this report wish to express their sincere gratitude to all who helped make this a successful
study, including Volpe National Transportation Systems Center employees Michael Lau, Eric Boeker,
Jose Mantilla, Amishi Joshi, Chris Scarpone, and George Noel. Pilot John Payson should also be thanked
for donating both his personal time and the use of his Maule M-7-235C aircraft in the study. Without the
extensive Beech 1900D documentation lent to the authors of this report by Henry Wurster of Commutair,
the pilot of the 1900D during the study, the inclusion of this aircraft in the study would not have been
possible. The staff at Fitchburg Municipal Airport was also instrumental in the successful completion of
this study. In particular, the efforts of Richard Walsh, Airport Manager, and David Bouvier, Airport
Assistant Manager, were invaluable.

The authors wish to offer their deepest condolences to the family of Alan Emerson of Emerson Aviation,
the pilot of the Piper Twin Comanche PA-30, who was killed when his airplane went down some months
after the measurement program.






Table of Contents

Section Page
LIST OF FIZUIES ..ottt e e st e e ettt e e et e e e s staeesbeeessseeesssaeessseeessseeesssaeensaeesnsseesnsneennseens vi
LISt OF TADIES ..ttt et ettt st b et ea e bt e bt et e bt et eatesbe et saeens ix
1.0 INTRODUGCTION ....ooiiiiiieiiiiee ettt ettt et e et et e st e esseeseeeseenseeseesseeaseeneaaseenseeneesseensesneenseaneas 1
1.1 ODJECTIVE ..ottt ettt ettt ettt et et e et este e et e enteeeabe e seesabeeseeenbeenseessseenseessseenseessseensaennsaans 2

1.2 SCREAULE ...ttt ettt et e et sbe e et e sbaeebeesaeeens 2

2.0  TEST AIRCRAFT DESCRIPTIONS ......iiitiiiitieiterieeent ettt sttt sttt st sttt 3
2.1 MAULE M=7-235C .ottt ettt sttt et e e st et et e st e e be et e eaeebeenteeneeneenaens 3

2.2 Piper Twin Comanche PA-30 .......ccooiiiiiiiiiiiieie ettt ettt st 3

2.3 Piper Navajo Chieftain PA-31-350 ......cccoiiiiiieeieeeee et e 4

2.4 Piper Warrior PA-28-101 .....c.cooiiiieii ettt et 5

2.5 BeECH 1900D ... oottt ettt ettt beenteenee e 6

2.6 Eurocopter EC-130.......cooiiiiiiiieee ettt et ettt ettt ettt e s e e sanee e 6

2.7 RODINSON R-22 .ottt ettt et et e 7

3.0 SETUP ettt b et ea ettt e h e bt et e a e b et h e bt et e bt ettt sae e b e entes 9
3.1 Measurement FACIIITY ......c..coiiiiiiiiiecie ettt et e e e aaeesraeeenee e e 9

3.2 Aircraft Positioning INnStrumentation............cccueerieeriieniieniieeieeie et e siee et e e eveeseeeeeesnneens 10

3.2.1 Differential Global Positioning System ...........ccccueeviiieriiieeriiieeiee e 10

3.2.2  Video TraCKing .....ccceieeiiiiiiieiieiie ettt ettt ettt ettt et e e et esaaeenseenens 11

33 AcOUSHIC INSTIUMENTATION ....eeiiiiiiieeiieeice ettt sttt 11

3.4  Meteorological INStrumMeNtation ...........ccueeeiiieriieeiiieiieeieesie et eete et e sre et e saeebeesebeeseeesnneens 13

4.0 DATA COLLECTION AND TEST SERIES DESCRIPTION ........ccceiiiiiirieieeieeeeieeee e 15
4.1 Propeller-Driven AITCTaft........coooiiiiiiiiieiieie ettt et s 15

4.2 Helicopter - Dynamic OPerations ...........ccceeccueeeriieerieeeiieeesieeeeireeesireesseeessseessseeessseeessseens 17

4.3 Helicopter - Static OPerationS........cccueeierierieriieriinieeteeit ettt sttt sie ettt st 18

5.0  TEST SERIES DATA ANALYSIS/NOISE MODEL DATA DEVELOPMENT ........c.cccoevvenneen. 21
5.1 Data REAUCHION.......eiiiiiiiiiie et e et e et ae e s aaeeetaeesnsaeesaseeesaseeessseeas 21

5.2 DAt PrOCESSING ... .veeeiiieiiiieeiie ettt ettt e et e ettt e et e e e taeesnaaeeensaeeesseeesnseeennseeennseeas 21

0.0  RESULTS ..ottt ettt ettt ettt e st e e se et e st e e seense s st enseessanseanseenseaseensesseenseensenseenns 25
6.1 NO0iSE-POWET-DIStANCE CUIVES .....eoueiiieniieiieiiieiieie ettt ettt ettt e seeeneeeneens 25

6.1.1 Reference Speed Duration Adjustment for Exposure-Based Metrics................... 25

i



Table of Contents (continued)

Section Page
6.1.2 Two Fitchburg PA-28 AIrcraft.........ccoevoiiieiiiiieieeeeeeeeeeeee e 26

6.1.3  Maule M-7-235C Data....cc.ccceriiiiiiinieniteiecteeee et 28

6.2 Helicopter DIirectivity Data.........cceeeciiiiiiiiiiiiieciie ettt 28

6.2.1 Hover In-Ground Effect ..o 29

6.2.2 Hover Out-of-Ground Effect..........coccooiiiiiiiiiiieeeeceee e 30

7.0 REFERENCES..... .ottt ettt ettt ettt b ettt e bt et e bt e b et e b enee 33
APPENDIX Az INM DATA ..ottt ettt ettt et e ettt eentesseebe e st e saeenteeneenseenne e A-1
A.1  INM Database Request FOIM.........c.ccocuiiiiiiiiiiiiieiiiciee ettt A-1

A.1.1  Piper Twin Comanche PA-30 .......ccccceoiiieiiiieiiiicieeeee e A-2

A.1.2  Piper Navajo Chieftain PA-31-350.......cccccoiriiimiiiniieieeeee e A-13

A. 1.3 Piper Warrior PA-28-161 .......cccuiiiiiieieeeee et A-26

A14 BeeCh 1900D ......c.ooiiiiiiiiieceeeee ettt sttt A-33

A2 Other ATTCTATT ..ottt st ettt A-47

A2 1 Maule M-7-235C ... i A-47

A.2.2  Eurocopter EC-130.....ccuiiiiiiiieieiee ettt e e A-47

A23  RObINSON R-22 oo A-47

APPENDIX B: FITCHBURG STUDY LIST OF SERVICE CONTACTS.....cccooieeeieeeeeeeeee e B-1
APPENDIX C: METEOROLOGICAL DATA ...ttt st C-1
C.l MaAUIE M=T-235C ettt ettt ettt et e ere e bt e nteene e aeenteeneenes C-1

C.2  Piper Twin Comanche PA-30 ......c.ccooiiiiiiiiiiiieie ettt et C-2

C.3  Piper Navajo Chieftain PA-31-350 ......ccciiiiiiieiiieeieeeee ettt svee e s C-2

C.4  Piper Warmior PA-28-101 ......ccoouioiieiiieieeeie ettt ettt sttt e e s C-3

C.5  BEECH 100D ... .o ittt sttt ettt e bt et e ettt e e ne e beenteenee e C-4

C.6  Eurocopter EC-130....c..ccoiiiiiiiiiiieiiieeene ettt s C-5

C.7 RODINSON R-22 1ottt sttt ettt C-6
APPENDIX D: TIME-SPACE-POSITION INFORMATION (TSPI)..ccieoiiiieieieeieieeeeeee e D-1
Dol Maule M=T7-235C ettt sttt sttt et b et sttt aea D-1

D.2  Piper Twin Comanche PA-30 ........ccccooiiiiiiiiiiiieee ettt D-2

D.3  Piper Navajo Chieftain PA-31-350.......ccceiiiiiiiieiieiiecieeieeeee e e D-2

D4 Piper Warrior PA-28-1601 .......cooiiiiii ettt e D-3

D.5  BeECh 1900D ...ttt sttt ettt et sttt et sne et D-4

D.6  Eurocopter EC-130........cooiiiiiiiiiiiieet et D-5

D.7  RODINSON R-22 .ottt sttt ettt ettt e saeenae e D-6

il



Table of Contents (continued)

Section Page
APPENDIX E: AIRCRAFT NOISE-POWER-DISTANCE TABLES ........cooiiiiiieieeeeeeeeeeees E-1
E.1 Dynamic Operations Noise-Power-Distance Tables...........cccceeevveeeviiencieeeenneens E-1

E.1.1 MaUle M=7-235C ..ottt E-1

E.1.2 Piper Twin Comanche PA-30........cccoooiiiiiiiieeieeeeeee et E-4

E.1.3 Piper Navajo Chieftain PA-31-350......c.cccceviiiiiiiiniiiiieeieeeeeeeee e E-6

E.1.4  Piper Warrior PA-28-161 ......ccciiiiiiieie ettt E-8

E.1.5  BeeCh 1900D ....c..ooiiiiiiiiieeieetee ettt E-10

E.1.6 Eurocopter EC-130.....ciiiiiieiiee ettt e E-12

E.1.7  RODbINSON R-22 ..ttt E-14

E.2  LAENPD PlOtS. .ottt ettt ettt et enaeeneas E-17

E2.1  Maule M-7-235C . ittt et E-17

E.2.2  BeeCh 1900D ..ottt E-17

E.2.3  Piper Twin Comanche PA-30 ........cccoooiiiiiiiiiiieeiieeeeee et E-20

E.2.4  Piper Navajo Chieftain PA-31-350......cccccooiiiriiiiiieeeiee e E-22

E.2.5  Piper Warrior PA-28-161 .....cccoooiiiiiiiiiiiiieieee ettt E-24

E.2.6  Eurocopter EC-130.......uiiiiiiiiieiie ettt E-28

E.2.7  RoDbINSON R-22 ..ot e E-32

E.3  Helicopter Hover Sound Level Data Tables ..........ccccveeiiiiiiiiiieiiieeiee e E-37

E.3.1 Hover In-Ground Effect Data............coccoiiiniiiiniiniicceeceeeeeee e E-37

E.3.1.1 Hover Noise-Power-Distance Curves...........ccceeeeeveenieaneeniienneennenne E-37

E.3.1.2 Directivity Data .......ccoevuiiiiiieiieeiieie ettt E-37

E.3.2 Hover Out-of-Ground Effect Data.........cc.ccooeiiiiiiiiiiiieeeeee E-38

E.3.2.1 Hover Noise-Power-Distance CUrves...........cccceecuereenerieneeneeseeneenn. E-38

E.3.2.2 Directivity Data ......c.ccocuiiieiiiieciiieciie et E-39

E.4  Helicopter Idle Data..........cooouiiiiiiiieie et E-39
APPENDIX F: SPECTRAL CLASS PROCESSING INFORMATION......ccccoectiririeniieieniesieeieeee e F-1
F.1  Piper Twin Comanche PA-30 ........ccccooiiiiiiiiiiiiieeeeeee et F-2

F.2  Piper Navajo Chieftain PA-31-350.......ccciiiiiiiiiiieeiieiecte ettt e F-3

F.3  Piper Warrior PA-28-161 .......oooiiiee et e F-4

Fid BeECh 1900D ...ttt ettt et ettt st e bt e e e s et e neeneen F-5

F.5 Maule M=T7-235C ittt ettt ettt ettt e sse et e e st e sseenseenaensaenseeneans F-5

F.6  Eurocopter EC-130........cooiiiiieee ettt e F-6

F.7 RODINSON R-22 1ottt e et e et e e st e e e arae e e nbaeesnbaeennns F-7
APPENDIX G: INM DATABASE TABLES. ... .ottt G-1
G.1 Propeller-Driven Aircraft Database File Formats ..........cccocoviiiiiiininiiniicicicens G-1

G.1.1  Database Table NOLES......ccceruirierieierierieeie sttt G-1

G.1.1.1 NPD_CURV.DBF Reference Speed Duration Adjustment................ G-1

G.1.1.2 PROFILE.DBF Spectral Class Information............cccceeceeveeueneennennne. G-1

v



Section

Table of Contents (continued)

Page

G.1.2 INM vs. As-Measured LAg Data .....cooveeemmeeee e G-1

G.2  Helicopter Database File FOrmats.........ccccccieriieiiiiiiieiieeieeieece e G-3

G.2.1 INM Version 6.1 vs. As-Measured LAg Data....o.eeeeeeeeeeeiieeeeeee e G-3

G.2.2  Helicopters in Future INM Release ..........ccccoevuieriiiiiiiniiiiienieciceieeeee e G-5

APPENDIX H: ACRONYMS AND ABBREVIATIONS ......oooiiiieeeeeee e H-1



List of Figures

Figure Page
1. Maule M-7-235C QICTATT ....co.uiiiiieiie ettt ettt be e st et e e ens 3
2. Piper Twin Comanche PA-30 Qircraft...........ccooooiiiiiiiiiiiiiieeeeee et 4
3. Piper Navajo Chieftain PA-31-350 Qircraft ..........coooiiiiiiieiiieeciee et 5
4. Piper Warrior PA-28-1601 @irCraft ........ccceecuieiieiiieiiecie ettt ettt et 5
5. Beech 1900D QIrCTaft ......coueiiiiiiiieie ettt sttt st e b e st e saeeens 6
6. Eurocopter EC-130 ReliCOPLOT .....ooiuiiiiiiiieeiiecie ettt ettt ettt e et beesabeeseesnaaens 7
7. RODINSON R-22 hElICOPLET ....veiiiiieeiiie ettt ettt e e tre e e teeesataeeentaeeensaeeenreeas 8
8. ACTIAL VIEW OF FIT ..ottt ettt ettt sttt e b eaees 9
0. Dynamic Operations instrumentation layout ............ccccveiiiiieiiiiesiiie e e e 10
10.  Static Operations INStrumMeNtation 1aYOUL ..........cccuiiiiiiiiiieiiierie ettt seee e ens 10
11.  Measurement site configuration and instrumentation layout for Dynamic Operations.................... 12
12. Measurement site configuration and instrumentation layout for Static Operations.............cc.c......... 13
14.  Processing methodology COMPATISON........ecccuiiiieeiiieiieeeiieeeiee et e et e steeesaeeeereeeeaeeesaeesseeesnseeenns 24
15.  Comparison of PA-28 aircraft adjusted centerline maximum SPECtra........ccceecvevveereerveneereeneennenn 27
16.  Helicopter sweep pattern through HIGE and HOGE events...........cccccccvieeiiiiiiiieccieccee e 29
17. EC-130 HIGE QIT@CIVILY ..eeuviriiiiieieitiesteete ettt sttt ettt ettt 29
18, R-22 HIGE QIT@CHIVILY .c.ueetieuieiiietieie ettt ettt ettt ettt ettt eae et esse et e entesseenseeseenseeneesneenes 30
19, EC-130 HOGE QIT€CHVILY ...cuteutiitietiiieriieieeieeteete ettt ettt sttt et sb et st sbe et st be et esae e 30
20.  R-22 HOGE QIT@CHVILY ...oueetieiiesiieiieie sttt ettt ettt sttt ettt et e sae e be e st e eneenteeneeeseenseensenneenee 31
D-1. Aircraft descent angle GEOMEIIY .........cooiiiiiiiiiieiieeie ettt ettt ettt e s e enseeense e D-1
E-1. Maule 300 Series Lag Data (Ref. Spd. = 87 K1S.)..ceccuiieeiiieeiieeeeeeee et E-17
E-2. Maule 400 Series Lag Data (Ref. Spd. = 70 KES.)..eeevieiiieiieieeieeeeeee e E-17
E-3. 1900D 300 Series Lag Data (Ref. Spd. =220 KtS.) cuvveeeiiieeiiiecieeecee et E-18
E-4. 1900D 500 Series Lag Data (Ref. Spd. = 160 K1S.) ....eoiuiieiiiiieeiieieeeee e E-18
E-5. 1900D 600 Series Lag Data (Ref. Spd. = 160 KES.) ....eoouiieiiiiiieiieiieeieeeee et E-18
E-6. 1900D 700 Series Lag Data (Ref. Spd. = 130 K1S.) ...eeeiuiiiiiiiieeiiee e E-19
E-7. 1900D 800 Series Lag Data (Ref. Spd. = T15 KES.) cevieiuiieiiiiiieiiecieeieeeee et E-19
E-8. 1900D 900 Series Lag Data (Ref. Spd. = 160 K1S.) ....eoiuiiiiiiiieiiieieeieee e E-19
E-9. PA-30300 Series Lag Data (Ref. Spd. = 165 KES.) cuvvevuiieiieiiieiieciieeeece et E-20
E-10. PA-30 400 Series Lag Data (Ref. Spd. = 135 KES.) coueeeiiiiiiieieeeeeeeee e E-20
E-11. PA-30 500 Series Lag Data (Ref. Spd. = 97 KtS.) ..eeovieriiieiieieeeeceeeeee e E-20
E-12. PA-30 600 Series Lag Data (Ref. Spd. = 100 K£S.) ...eeeriiieiiiieeiieeeeee e E-21
E-13. PA-30 700 Series Lag Data (Ref. Spd. = 96 K1S.) ..coveeiuiieiiiiieiieceeeeeeeeeee et E-21
E-14. PA-30 800 Series Lag Data (Ref. Spd. = 87 KtS.) .eeeuieiiiiiieieeee e E-21
E-15. PA-30 900 Series Lag Data (Ref. Spd. = 97 KtS.) ..eevieriiieiieieceeceeeeee et E-22
E-16. PA-31 300 Series Lag Data (Ref. Spd. = 156 KtS.) ...eoeiiiiiiiiieeieeeeee e E-22
E-17. PA-31 400 Series Lag Data (Ref. Spd. = 155 KES.) cevveiuiieiiiiieieeceeeeeee et E-22
E-18. PA-31 500 Series Lag Data (Ref. Spd. = 105 KES.) cueeeriiiiiieie e E-23
E-19. PA-31 600 Series Lag Data (Ref. Spd. = 160 KES.) ....eoouiieiiiiiieiieiiecieeceeeeeee et E-23
E-20. PA-31 700 Series Lag Data (Ref. Spd. = 150 K£S.) «.eeeiiiiiiiiieeieeeeee e E-23
E-21. PA-31 800 Series Lag Data (Ref. Spd. = 120 KES.) ..veevuiieiieiieeieeciecieeeee et E-24
E-22. PA-31 900 Series Lag Data (Ref. Spd. = 105 KES.) cueeeriiiiiieieeieeeeee e E-24
E-23. PA-28 300 Series Lag Data (Ref. Spd. = 105 KES.) ccuvveiiiieiieiiieiiecieeieeeee et E-24
E-24. PA-28 400 Series Lag Data (Ref. Spd. = 95 KtS.) .eeoeieiiiiiieeeeee e E-25
E-25. PA-28 500 Series Lag Data (Ref. Spd. = 7O KLS.) weeevieriiieiieiieeeeeeeee et E-25
E-26. PA-28 600 Series Lag Data (Ref. Spd. = 100 K£S.) ...eeeriiiiiiiiieeiieeeeee e E-25
E-27. PA-28 700 Series Lag Data (Ref. Spd. = 80 KtS.) ..eecveeruiieiieiiieiieceeeieeee e E-26
E-28. PA-28 800 Series Lag Data (Ref. Spd. = 70 KtS.) .eeeeeeiiiiiieieeeee e E-26

Vi



List of Figures (continued)

Figure Page
E-29. PA-28 900 Series Lag Data (Ref. Spd. = 87 KIS.) veevvvieeiiieeiieeeiie ettt E-26
E-30. PA-28 1100 Series Lag Data (Ref. Spd. = 105 KtS.) .eevuiieiiiiieiieieeieee e E-27
E-31. PA-28 1200 Series Lag Data (Ref. Spd. = 105 K1S.) .eveeeiiieeiiieeiieeceeeee et E-27
E-32. PA-28 2000 Series Lag Data (Ref. Spd. = 105 KtS.) ..eevuiieiiiiieiieieeeee e E-27
E-33. EC-130 120 Series Lag Data (Ref. Spd. = 115 KES.) uvveeiiieeiiieeiieecee et E-28
E-34. EC-130 130 Series Lag Data (Ref. Spd. = 125 KtS.) eeevuiieiiiiiieiieeeieee e E-28
E-35. EC-130 140 Series Lag Data (Ref. Spd. = 101 K1S.) w.eeeeiiieeiiieieeeceeeee e E-28
E-36. EC-130 150 Series Lag Data (Ref. Spd. = 88 KIS.) .cuveevuieeiieiiieiieieeieee et E-29
E-37. EC-130 160 Series Lag Data (Ref. Spd. = 76 KtS.) cuvvveeiiieeiiieceeeeee e E-29
E-38. EC-130 180 Series Lag Data (Ref. Spd. = 10T KtS.) .eevuiieiieiiieiieieceee e E-29
E-39. EC-130 210 Series Lag Data (Ref. Spd. = 65 KtS.) couvvveeiiieeieeceeee e E-30
E-40. EC-130 310 Series Lag Data (Ref. Spd. = 65 KIS.) coveeiuiieiieieeiieeeeee e E-30
E-41. EC-130 320 Series Lag Data (Ref. Spd. = 65 KtS.) couvveeeiiieiieeeeeeee e E-30
E-42. EC-130 330 Series Lag Data (Ref. Spd. = 65 KES.) couveeriiieiiiiieeieeeeee et E-31
E-43. EC-130 340 Series Lag Data (Ref. Spd. = 80 KtS.) cuvveeeiiieeiieeeeeeeeeee e E-31
E-44. EC-130 350 Series Lag Data (Ref. Spd. = 60 KES.) ...eeeouiieiiiiieeiieieeieee et E-31
E-45. R-22 120 Series Lag Data (Ref. Spd. =90 KES.) .veeeiuiiieiiiieieeeeeeeeeee et E-32
E-46. R-22 130 Series Lag Data (Ref. Spd. = 81 KtS.) .eueeeiieiiiiieiieceeeeeeee et E-32
E-47. R-22 140 Series Lag Data (Ref. Spd. = 72 KES.) cuveeeviiieeiieeieeeeeeee et E-32
E-48. R-22 150 Series Lag Data (Ref. Spd. = 63 KtS.) .cueeiiieiiieiieiieceeeee e E-33
E-49. R-22 160 Series Lag Data (Ref. Spd. = 54 KES.) cuveveviiieiiiieieeeeeeeeeee e E-33
E-50. R-22 180 Series Lag Data (Ref. Spd. = 72 KtS.) .euueeeiieiieeiieiiece et E-33
E-51. R-22 210 Series Lag Data (Ref. Spd. = 53 KES.) cuvveeriiieiiiieiee ettt E-34
E-52. R-22 310 Series Lag Data (Ref. Spd. = 53 KtS.) .eueeiiieiiiiieee e E-34
E-53. R-22 320 Series Lag Data (Ref. Spd. = 53 KES.) cuueeevuiiieiiieeiieeeeeeeeee et E-34
E-54. R-22 330 Series Lag Data (Ref. Spd. = 53 KtS.) ceeeeiiieiieiieeee e E-35
E-55. R-22 340 Series Lag Data (Ref. Spd. = 53 KES.) cuveeeriiieiiieeeieeeeeeeeee et E-35
E-56. R-22 350 Series Lag Data (Ref. Spd. = 53 KtS.) .euieiiieiiiiieeeeee e E-35
F-1. PA-30 average 1000-ft 600 Series APP spectrum (normalized)...........ccccueevuverireniienieenieenieereene F-2
F-2.  PA-30 average 1000-ft 500 Series DEP spectrum (normalized)..........ccccceceereenenvicnienenncneenennne. F-2
F-3. PA-30 average 1000-ft 300 Series LFO spectrum (normalized)...........ccccueveiveriieiiienienniienieeneene, F-2
F-4. PA-31 average 1000-ft 600 Series APP spectrum (normalized)..........coceeveereeneniicnienenicneeniennne. F-3
F-5. PA-31 average 1000-ft 500 Series DEP spectrum (normalized)...........cccceveiveriieiiienieeniienieeneene F-3
F-6. PA-31 average 1000-ft 300 Series LFO spectrum (normalized)..........cccccecvereeneniienienenncneennennne. F-3
F-7. PA-28 average 1000-ft 600 Series APP spectrum (normalized)...........ccccueeviveriieniienieenieenreereene F-4
F-8. PA-28 average 1000-ft 500 Series DEP spectrum (normalized)..........ccccevvereenenvieniencnncneenennne. F-4
F-9. PA-28 average 1000-ft 300 Series LFO spectrum (normalized)...........ccocueveiveriieiiienieeniienieeneene, F-4
F-10. 1900D average 1000-ft 600 Series APP spectrum (normalized)..........coceeveervineniicnicnenncnecneenne. F-5
F-11. 1900D average 1000-ft 500 Series DEP spectrum (normalized) ...........ccceevverieeniienieeniienieeneene F-5
F-12. Maule average 1000-ft 300 Series LFO spectrum (normalized) ..........ccoceeverveniniicniicnennenieneenne. F-5
F-13. EC-130 average 1000-ft 310 Series APP spectrum (normalized)..........ccccoevveriienieniienienieenene, F-6
F-14. EC-130 average 1000-ft 210 Series DEP spectrum (normalized).........ccccocveveevenicnieneniicneenennne. F-6
F-15. EC-130 average 1000-ft 120 Series LFO spectrum (normalized)...........cccoeevverieeciieniennieenreeneene F-6
F-16. R-22 average 1000-ft 310 Series APP spectrum (normalized) .........ccccoervierieniniiinienenncnecienne. F-7
F-17. R-22 average 1000-ft 210 Series DEP spectrum (normalized) ...........cceevveeeiierieeniienieeiienieeieene F-7
F-18. R-22 average 1000-ft 120 Series LFO spectrum (normalized) .........cocceoeveeneeneniicnienennicneenieenne. F-7
G-1. Maule INM vs. Measured centerline Lo COMPATISON.........cccvieriieriiierieeiienieeieeeieereesveeeeeeene e G-2

vil



List of Figures (continued)

Figure Page
G-2. PA-30 INM vs. Measured centerline Lag COMPATISON ........eeeevireiiieeiiieeiiieesieeeveeesveeeivee e G-2
G-3. PA-31 INM vs. Measured centerline LAg COMPATISON .......ccviereieriiieniieeiienieeieeeiie e seeeeee e G-2
G-4. PA-28 INM vs. Measured centerline Lag COMPATISON ........eeeevireiiieeeiieeciieesiieesveeeeveeeivee e G-3
G-5. 1900D INM vs. Measured centerline Lo COMPATISON .......ccuvieiieriiieniieeiieniie e G-3
G-6. EC-130 INM vs. Measured centerline Lop COMPATISON ......ccevvviieiiiieiiiieeiieeciieeeieeeeieeeevee e G-4
G-7. R-22 INM vs. Measured centerline Laog COMPATISON .........cevuieriieriieeiieiiieeieeniieeieesiee e siee e G-5

viil






List of Tables

Table Page
1. Study aircraft measurement SChEAULE ...........cccuiieiiiieiiii e e 2
2. Airplane characteristics, Maule M-7-235C.......c.cccoiriiiiiieiieie ettt s 3
3. Airplane characteristics, Piper Twin Comanche PA-30 .........ccccoiviiiiiiiieriieeeeeeeeee e 4
4. Airplane characteristics, Piper Navajo Chieftain PA-31-350 ......cccccciiiriiniiiiiiinieieiececeeeee, 4
5. Airplane characteristics, Piper Warrior PA-28-161 .......c..cooouiieiiiiiiiieeieeeeeeeee e 5
6.  Airplane characteristics, BeeCh 1900D ..........cccooiiiiiiiiiiiiiiicieee et 6
7. Helicopter characteristics, Eurocopter EC-130..........ccooiiiiiiiiiiiieceeeee ettt e 7
8. Main and tail rotor specifications, Eurocopter EC-130 .........ccccooiiiiiiiiiiiiiieieeieeee e 7
0. Helicopter characteristics, RObINSON R-22...........cooiiiiiiiiiiiicieeeee et 8
10. Main and tail rotor specifications, Robinson R-22 ............ccooiiiiiiiiiiiiieieiceee e 8
11.  Dynamic Operations microphone locations, as measured with dGPS.............ccccooviiiiiiieiieiee 12
12.  Static Operations microphone locations, as measured with dGPS ...........c.ccooiiiiiiiiiniinieee 13
13.  Propeller-driven aircraft test SEries deSCIIPIIONS ....c.uveeeeuiieriiieeeiieeeiee et e esre e e e e eeeeeereeeaeeeereeeenns 17
14.  Propeller-driven aircraft test SEries deSCIIPIONS .....cc.uevvieriieriieiieeieeriee et eieesee et e eee e e seaeeeeeseeaens 18
15. Helicopter Static Operations test SEries deSCIIPLIONS .......cevcvirereuireriieeriieerteeerieeeieeeeeeeeeaeeesreeeeens 19
16.  Propeller-driven aircraft data reference speed information ...........c..ccoceevevienieiiniinienincnceee 26
17.  An Lag comparison of two Warrior PA-28 aircraft at 500-ft, 105-KtS ......cceeevvvieeiiiieeiieeieeeeeeee 27
A-1. Maule M-7-235C RPM POWET MELIICS ....uveevieriiieiieniieeiieniieeteenieeeteesseeeseesaeessseessaessseeseessseensens A-47
B-1. Study LSt Of CONTACES ....eiiiiiiiiiiieiie et ettt e e e e e e e s bee e snaeeensaeesnraeesnseeas B-1
C-1. Maule event meteorologiCal data ..........cc.eeviieiiiiiiiiiieiieeie ettt et see b e seaeenees C-1
C-2. PA-30 event meteorological data..........ccccecuiiieiiiieiiiecie ettt C-2
C-3. PA-31 event meteorological data...........ccoociiiiiiiiiiiiieiiece e C-2
C-4. PA-28 event meteorological data...........c.ceeciiiiiiiieiiieciie et C3
C-5. 1900D event meteorolog@ical data ............coceiiiiiiiiiiiiniiietce ettt C-4
C-6. EC-130 meteorological data - Dynamic Operations @VENLtS...........cceeeeveerreeereereeniieeneenreesseeeneennnns C-5
C-7. EC-130 hover and idle meteorological data - Static Operations eVents ..........cc.cceceeevereenereeneenens C-6
C-8. R-22 meteorological data - Dynamic Operations €VENLS ...........ceeeueerveeruieriieenreeeieeeneesseesreesneennnns C-6
C-9. R-22 hover and idle meteorological data - Static Operations eVents...........cocceeeevvereenerseereenennens C-6
D-1. Maule eVent TSPI data......c.cocueiiiiiiieiieieeereee et ettt ettt e e e D-1
D-2. PA-30 event TSPIdata.........cc.eoiiiiiiiieeiee ettt et e e e aa e e eabeeesaveeenneas D-2
D-3. PA-31-350 event TSPLdata ........cccooiiiiiiiiiieee e D-2
D-4. PA-28-161 event TSPLAata .......c..ccoouiiiiiiieeiieeeee ettt ettt et eareeenneas D-3
D-5. 1900D event TSPL data......c.c.cooiiiiiiiiiiiiiieee ettt e D-4
D-6. EC-130 event TSP data........c.cceoiiiiiieeieeeiee ettt ettt e e tae e e e e e ree e s ereeesareeenneas D-5
D-7. R-22 event TSPLAata.....cc.cooiiiiiiiiii ettt D-6
Bl MaAULE L AR NP DS oot e e e e e e e et e e e e e e e e e e e aaaeeeeeeeaaa i aaaaeeeeeenanannaas E-2
B2, MaAULE LAGmx NP DS oottt e e e e ettt e e e e e e e e e eeaa i aaaeseeeeeaaa i aaeseeeeeenennnas E-2
E-3.  MaAULE LEDN NP DS .ot e e e e e et e e e e e e e e e e e e aaeee e e e eeaa e aaaeeeeeeeaaaenaas E-3
E-4. Maule LPNTSmx NP DS ettt ettt e vt et e v E-3
E-5. PA-30 LAENPDS .ottt ettt ettt et et e bt et e e aaesseeseeseenseenseesaeseensenseeseeneas E-4
E-6. PA-30 Lasmx NPDS..ciiiiiieeee ettt ettt et be et et e b b eneas E-4
E-7. PA-30 LEPN NPDS ..ottt ettt ettt et e e s enseesaesseeseenaesseeseansenneenes E-5
E-8. PA-30 LPNTSmx NP DS ettt ettt e et s et ettt e tt—raaraa——aes E-5
E-0.  PA-31 LAENPDS .ottt ettt ettt ettt sb et e e e seeseeseenseenseenaenseensenseenseeneas E-6
E-10. PA-31 LaSmx NPDS .ottt st ettt ettt e sbeenbeeneas E-6
E-11. PA-31 LEPN NPDS ..ottt ettt ettt et e st enseesaeeseeseenaessaeseensenneenns E-7
E-12. PA-31 LPNTSmx NP DS et ettt et e et ettt e ta i aata e E-7

1X



Table

E-13.
E-14.
E-15.
E-16.
E-17.
E-18.
E-19.
E-20.
E-21.
E-22.
E-23.
E-24.
E-25.
E-26.
E-27.
E-28.
E-29.
E-30.
E-31.
E-32.
E-33.
E-34.
E-35.

F-1.

List of Tables (continued)

Page
PA-28 LAENPDS ..ottt ettt ettt et et ettt e e st e st et e e st e st enteentenaeeseennens E-8
PA-28 LASmx INPDS ..ottt et b et sttt et e bt e b eatenaeen E-8
PA-28 LEPN NPDS ..ottt ettt ettt ae et e st e s st et e enteeseenseensesneenseensens E-9
PA-28 LPNTSmx N P DS e e ettt aaas E-9
LO00D LAE NPDS ..ottt ettt et ettt et e s et et e e st e eseebeentesseenseeneaeneennas E-10
1900D LASmx NPDIS ..ottt sttt ettt et et ettt e b eanes E-10
LO00D LEPN NPDS ...ttt sttt et e st et e e st e e st ebeentesseeseeneeeneennes E-11
1900D LPNTSmx N P DS ettt ettt — et a et a——————_ E-11
EC-130 LAE NPDS ..ottt ettt sttt et se e bt et ees e e nteenseeneenseenseeneenees E-12
EC-130 Lasmx NPDS .ttt et sttt be et s s b e E-12
EC-130 LEPN NPDS ..ttt ettt ettt et e st e st e e e s st enseeneesseenseennas E-13
EC-130 LPNTSmx N P DS e e et aaas E-13
R-22 LAE NPDS ettt sttt ettt ettt et e e at e s st e teentesseenseeneenneenees E-14
R-22 LASmK NPDIS .ttt ettt st sb et st sbe et st enbeenees E-14
R-22 LEPN NPDS ..ttt ettt ettt ettt et e e st e ss e e nteeneesseenseeneanseenees E-15
R-22 LPNTSmx N P DS e ettt e et e et a e e e E-15
EC-130 HIGE longitudinal axis NPDS.........ccccuiiiiiiiiiiie ettt esree e eiveeevaeesnne e E-37
R-22 HIGE longitudinal axis NPDS .......cccceeciiiiiiiiieiieeiteite ettt ettt E-37
HIGE 360-degree directivity NPD adjustments............ccocuviiiiiiieiiieiiie e E-38
EC-130 HOGE longitudinal axisS NPDS .........cccuieiiiiiiiiiiiiiieeieeiecee ettt E-38
R-22 HOGE longitudinal axisS NPDS ........cccooiiiiiiiiiiiieciieeeee ettt e e e E-38
HOGE 360-degree directivity NPD adjustments ............cccueeruienieiiiienieeiienie e E-39
Helicopter 1d1e NPD CUIVES.......coociiiiiiieciiie ettt ettt e e saee e seaeeeeaeeesaeeessseesnsaeesnseaenns E-39
INM spectral Class aSSIZNIMENLS. .........eeruiiiiiiriieeiietie ettt et e e et sateebeesateebeesabeebeesnseeneeas F-1



1.0 INTRODUCTION

The National Parks Air Tour Management Act of 2000 (The Act) calls for the regulation
of commercial air tour operations over units of the National Park System, and directs the
Federal Aviation Administration (FAA), with the cooperation of the National Park
Service (NPS), to develop Air Tour Management Plans (ATMPs) for all National Parks
with commercial air tours. The Volpe Center Environmental Measurement and Modeling
Division’s Acoustics Facility (VCAF) is providing technical support to the FAA. An
important element of this support is the computer modeling of potential noise impacts of
air tours which take place over the National Parks, currently estimated at over 100
affected Park units, using the FAA’s Integrated Noise Model (INM).

The first two Parks for which ATMPs will be developed are Hawaii Volcanoes National
Park and Haleakala National Park. In order to undertake the supporting computer
modeling, noise data for the specific aircraft currently flying over these Parks is required.
The determination of aircraft noise data needs was based on queries by VCAF personnel
of operators advertising air tours on the islands of Hawaii and Maui. Eleven operators
provided information on twelve different aircraft types. Of those, six were determined by
VCAF personnel not to have adequate noise data within the existing INM aircraft
database, Version 6.0c at the time: Maule M-7-235C, Piper Twin Comanche PA-30,
Piper Navajo Chieftain PA-31-350, Piper Warrior PA-28-161, Eurocopter EC-130, and
Robinson R-22. It is expected that these six aircraft types will be found at other Park
units for which ATMPs will be developed. In that regard, these data were not collected
just for the Hawaii Parks, but for ATMPs in general.

The Beech 1900D was also measured as a target of opportunity for supporting the
development and maintenance of the INM. The 1900D is a common commuter airliner
modeled in prior versions of the INM with a substitution aircraft. Where possible, the
FAA seeks to replace substitution aircraft with actual aircraft data.

This document summarizes the measurement study, which took place in April, May, and
August 2002, at Fitchburg Municipal Airport (FIT) in Fitchburg, Massachusetts. Section
1.0 provides a brief introduction to the FIT Noise Measurement Study. Section 2.0
describes the test aircraft. Section 3.0 discusses the setup and instrumentation. Section
4.0 lists the test series performed. Section 5.0 describes the data reduction and analysis.
Section 6.0 presents the results of the study, including the helicopter directivity data in
polar plot form. Appendix A provides aircraft performance data along with completed
INM Database Request Forms useful in assembling the database files necessary to run the
aircraft data in the INM. Appendix B provides a list of contacts involved with the
measurement study, including the airport office and aircraft charter companies.
Appendix C summarizes the meteorological data used in the data processing. Appendix
D summarizes the tracking or time-space-position information (TSPI) data used in the
data processing. Appendix E provides complete aircraft noise-power-distance data
tables and helicopter hover noise-power-distance data tables, as well as plots of the
aircraft Lag NPD curves. Appendix F provides the spectral data used to assign the
propeller-driven aircraft to spectral classes in the INM, along with the specific INM
spectral class assignments. Appendix G provides the complete database files to be



included in an upcoming release of the INM. Appendix H provides a list of acronyms
and abbreviations and their meanings.

1.1 Objective

The objective of the study was to collect a noise data set suitable for modeling both the
many flight configurations flown by air tour aircraft in the Hawaii (and likely other)
Parks and fulfill the INM’s standard data input requirements. The flight configurations
described in Section 4.0 of this document include level flight (LFO), approach (APP),
departure (DEP), hover and idle events (the last two configurations for helicopters only).
All data were collected and processed in accordance with the basic procedures defined in
Federal Aviation Regulation (FAR) Part 36 (Reference 1).

1.2 Schedule
An aircraft measurement schedule for the study is presented in Table 1.

Table 1. Study aircraft measurement schedule.

Date Time Slot Aircraft
March 29, 2002 13:00 — 15:30 Piper Warrior PA-28-161 (#1)
March 30, 2002 09:00 — 12:00 Piper Twin Comanche PA-30
13:00 —17:00 Piper Navajo Chieftain PA-31-350
May 1, 2002 08:00 — 09:30 Beech 1900D
12:00 — 14:30 Robinson R-22
May 6, 2002 07:30 - 09:30 Piper Warrior PA-28-161 (#1)
11:00 — 13:30 Robinson R-22
May 7, 2002 09:00 —13:00 Eurocopter EC-130
August 30, 2002 10:00 — 12:00 Maule M-7-235C
15:00 — 16:00 Piper Warrior PA-28-161 (#2)’

" Two different PA-28-161 aircraft were utilized for the flight test. This was done for several reasons, the
most important of which was to assess measurement repeatability. A comparison of the data for the two
PA-28-161 aircraft is presented in Section 6.1.2 below. While only PA-28 #1 was used to collect events for
basic INM requirements, some events were collected with PA-28 #2 as a supplement to INM requirements
specific to the objectives of the ATMP program.



2.0 TEST AIRCRAFT DESCRIPTIONS

Six of the seven aircraft documented in this report have been identified as participating in
commercial air tour operations over Hawaii Volcanoes National Park and/or Haleakala
National Park. Brief descriptions of all the aircraft are provided below. More detailed,
INM-specific performance data for the Piper Twin Comanche PA-30, Piper Navajo
Chieftain PA-31-350, Piper Warrior PA-28-161, and Maule M-7-235C are provided in
Appendix A, along with data for the Beech 1900D,” which was measured as a target of
opportunity in support of VCAF’s INM Project. A list of contacts for all of the service
providers involved in the measurement study, including aircraft charter companies and
the airport, is provided in Appendix B.

2.1  Maule M-7-235C

The M-7-235C is a single-engine propeller-driven aircraft marketed and supported by
Maule Air Inc. of Moultrie, Georgia (see Figure 1, Table 2). The airplane is designed to
carry 1 pilot and 3 passengers.

Table 2. Airplane characteristics, Maule M-7-235C.

Airplane Manufacturer Maule Air Inc.
Airplane Model M-7-235C
Airplane Type Single Propeller
Maximum Gross Takeoff Weight (Ib) 2,500
Number and Type of Engine(s) 1 Lycoming 10-540-W1AS5

Figure 1. Maule M-7-235C aircraft

2.2 Piper Twin Comanche PA-30

The PA-30 is a twin-engine propeller-driven aircraft marketed and supported by New
Piper Aircraft Company (New Piper) of Vero Beach, Florida (see Figure 2, Table 3). The
airplane is designed to carry 1 pilot and 3 passengers.

? Note that performance data for the R-22 and EC-130 helicopters are presented in Tables 7 through 10.



Table 3. Airplane characteristics, Piper Twin Comanche PA-30.

Airplane Manufacturer New Piper Aircraft Co.
Airplane Model PA-30
Airplane Type Twin Propeller
Maximum Gross Takeoff Weight (1b) 3,600
Number and Type of Engine(s) 2 Lycoming 10-320-B1A

Figure 2. Piper Twin Comanche PA-30 aircraft

23 Piper Navajo Chieftain PA-31-350
The PA-31 is a twin-engine propeller-driven aircraft marketed and supported by New
Piper (see Figure 3, Table 4). The airplane is designed to carry 1 pilot and 9 passengers.

Table 4. Airplane characteristics, Piper Navajo Chieftain PA-31-350.

Airplane Manufacturer New Piper Aircraft Co.
Airplane Model PA-31-350
Airplane Type Twin Propeller
Maximum Gross Takeoff Weight (1b) 7,000
Number and Type of Engine(s) 2 Lycoming TIO-540-J2BD




Figure 3. Piper Navajo Chieftain PA-31-350 aircraft

2.4  Piper Warrior PA-28-161

The PA-28-161 is a single-engine propeller-driven aircraft marketed and supported by
New Piper (see Figure 4, Table 5). The airplane is designed to carry 1 pilot and 3
passengers.

Table 5. Airplane characteristics, Piper Warrior PA-28-161.

Airplane Manufacturer New Piper Aircraft Co.
Airplane Model PA-28-161
Airplane Type Single Propeller
Maximum Gross Takeoff Weight (1b) 2,325
Number and Type of Engine(s) 1 Lycoming 0-320-D3G

Figure 4. Piper Warrior PA-28-161 aircraft



2.5  Beech 1900D

The 1900D is a twin-engine propeller-driven commuter aircraft marketed and supported
by Raytheon Aircraft of Wichita, Kansas (see Figure 5, Table 6). The airplane is
designed to carry 1 pilot, 1 copilot, and 19 passengers.

Table 6. Airplane characteristics, Beech 1900D.

Airplane Manufacturer Raytheon Aircraft
Airplane Model 1900D
Airplane Type Twin Propeller
Maximum Gross Takeoff Weight (1b) 17,120
Number and Type of Engine(s) 2 Pratt and Whitney Canada PT6A-67D
e |

Figure S. Beech 1900D aircraft

2.6  Eurocopter EC-130

The EC-130 is a helicopter marketed and supported by Eurocopter of the European
Aeronautic Defense and Space company (see Figure 6, Tables 7 and 8). It is designed to
carry 1 pilot and 6 passengers. Eurocopter designed the EC-130 specifically for the air
tour market. The EC-130 uses a Fenestron tail rotor to reduce community noise levels.

Selected operational characteristics, obtained from the helicopter manufacturer, are
presented in Tables 7 and 8.



Table 7. Helicopter characteristics, Eurocopter EC-130.

Helicopter Manufacturer Eurocopter
Helicopter Model EC130 B4
Helicopter Type Single Rotor
Max Gross Takeoff Weight [MGTW] (Ib) 5,291
Number and Type of Engine(s) 1 Arriel 2 Bl
Shaft Horsepower (hp) 847
Max Continuous Power (hp) 728
Specific Fuel Consumption at Max Power (Ib/hr/hp) 0.56
Never Exceed Speed [Vng] (kts) 155
Max Speed in Level Flight with Max Continuous Power [Vy] (kts) 126
Speed for Best Rate of Climb [Vy] (kts) 65

Best Rate of Climb [ROC] (FPM) 2,290

Table 8. Main and tail rotor specifications, Eurocopter EC-130.

Characteristic Main Tail
Rotor Speed (max RPM) 394 3,568
Diameter (in) 421 39
Chord (in) 14 2
Number of Blades 3 10
Fundamental Blade Passage Frequency (Hz) 20 595

Figure 6. Eurocopter EC-130 helicopter

2.7

Robinson R-22

The R-22 is a light helicopter marketed and supported by Robinson of Torrance,
California (see Figure 7, Tables 9 and 10). The helicopter is designed to carry 1 pilot and
1 passenger.



Selected operational characteristics, obtained from the helicopter manufacturer, are

presented in Tables 9 and 10.

Table 9. Helicopter characteristics, Robinson R-22.

Helicopter Manufacturer Robinson
Helicopter Model R22 B
Helicopter Type Single Rotor
Max Gross Takeoff Weight [MGTW] (Ib) 1,370
Number and Type of Engine(s) 1 Lycoming 0-320
Shaft Horsepower (hp) 160
Max Continuous Power (hp) 124
Specific Fuel Consumption at Max Power (Ib/hr/hp) 0.44
Never Exceed Speed [Vng] (kts) 102
Max Speed in Level Flight with Max Continuous Power [Vy] (kts) 102
Speed for Best Rate of Climb [Vy] (kts) 53
Best Rate of Climb [ROC] (FPM) 500
Table 10. Main and tail rotor specifications, Robinson R-22.
Characteristic Main Tail
Rotor Speed (max RPM) 520 324
Diameter (in) 302 42
Chord (in) 7 4
Number of Blades 2 2
Fundamental Blade Passage Frequency (Hz) 17 11

Figure 7. Robinson R-22 helicopter




3.0 SETUP

3.1 Measurement Facility

Located between the Massachusetts cities of Fitchburg and Leominster, Fitchburg
Municipal Airport (FIT) maintains two runways (14-32 and 02-20). The airport
maintains an automated surface weather observation system, which reports weather by
radio, telephone, and Internet. An aerial view of FIT overlaid with the microphone array
is provided in Figure 8.
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Figure 8. Aerial view of FIT

Figures 9 and 10 show the layout of the two setups for the study and the instrumentation
used to collect tracking or TSPI data, acoustical data, and meteorological data. The two
setups used were as follows: (1) The Dynamic Operations measurement setup, used for
LFO, DEP, and APP flight configurations, is illustrated in Figure 9; and (2) the Static
Operations measurement setup, used for helicopter hover and idle configurations, is
illustrated in Figure 10. TSPI data were collected using a differential global positioning
system (dGPS) (primary system, see Section 3.2.1) on the aircraft and a digital video
tracking system (backup system, see Section 3.2.2) on the ground. Acoustical data (see
Section 3.3) were collected separately for Dynamic Operations measurements and Static
Operations measurements. Meteorological data (see Section 3.4) were collected both on



the ground and on top of the FIT control tower, at heights of 4 and 34 ft, respectively,
throughout the study.
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Figure 9. Dynamic Operations instrumentation layout
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Figure 10. Static Operations instrumentation layout

3.2 Aircraft Positioning Instrumentation

3.2.1 Differential Global Positioning System

The VCAF dGPS, which provides TSPI data accurate to within approximately + 20 cm,
was utilized for both the initial site survey at FIT, as well as for the primary, real-time
tracking of each aircraft during the study. It consists of base station and rover units, each
of which receives GPS satellite signals via a NovAtel receiver and transmits or receives
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differential corrections via a GLB transceiver. VCAF’s dGPS collects data continuously
at a rate of twice per second (Reference 2).

Base Station - The dGPS base station, including NovAtel receiver, GLB
transceiver, GPS antenna, and radio antenna, was located in the airport control
tower.

Rover Unit - The dGPS rover unit was maintained aboard the test aircraft.
The GPS and radio antennae were sent to the aircraft operators for installation
aboard the aircraft prior to the study. The NovAtel receiver, GLB transceiver,
gel cell batteries for system DC power, and a laptop containing VCAF’s TSPI
software, were installed aboard the aircraft just prior to the start of the test and
operated by VCAF personnel throughout the study.

3.2.2 Video Tracking
A multi-camera, digital video tracking system was used for documentation purposes and
as a backup TSPI system in the event of any dGPS system malfunctions.

Dynamic Operations - A system consisting of two Canon Optura digital
video cameras was used to record aircraft operations. The system utilizes
calibrated lenses, field-of-view targets, and triangulation algorithms to
determine a target’s TSPI data.

Static Operations - A Sony TR818 8 mm camcorder was used to document
aircraft orientation during Static Operations.

33 Acoustic Instrumentation
This Section provides an overview of the acoustic instrumentation.

Dynamic_Operations — For measurement of Dynamic Operations, three
microphones (one 4-ft centerline and two 4-ft sideline microphones at
approximately 400 ft from the centerline) were used for sound level
measurements. Data from these microphones were collected using sound
level meters and a digital audiotape (DAT) recorder (see Figure 11) at an
acoustic observer table located approximately 100 ft from the centerline
microphone. Sideline microphones were set at the appropriate vertical angle
(relative to the local ground surface), while the centerline microphone was set
at a 90-degree vertical angle, in order to maintain normal grazing incidence to
the aircraft throughout the study. Table 11 below provides the coordinates of
each microphone position.
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Figure 11. Measurement site configuration and instrumentation layout for Dynamic

Operations

Table 11. Dynamic Operations microphone locations, as measured with dGPS.

. . . . Microphone
Microphone | X-coordinate (ft) | Y-coordinate (ft) | Z-coordinate (ft) Height (ft)
East Sideline 0 -400 2 4

Centerline 0 0 0 4
West Sideline 0 400 0 4
e Static Operations — For Static Operations measurements, two 4-ft

microphones were used for sound level measurements.

Data from these

microphones were collected using sound level meters and mini-DAT
recorders, as shown in Figure 12. Table 12 below provides the coordinates of
each microphone position.

12




I

Measurement Site Configuration:

1

helicopter

1

Video Camera

East Hover Mic

Hover Point

West Hover Mic

v

Acoustic Instrumentation:

calibrator microphone

windscreen !
. [ simulator

] microphone

preamplifier

tape recorder

sound level meter
online monitoring

Operations

(not to scale)
Figure 12. Measurement site configuration and instrumentation layout for Static

Table 12. Static Operations microphone locations, as measured with dGPS.

. . . . Microphone
Microphone | X-coordinate (ft) | Y-coordinate (ft) | Z-coordinate (ft) Height (ft)
East Hover 500 -100 3 4
West Hover 500 350 3 4

3.4  Meteorological Instrumentation
Two Transportable Automated Meteorological Stations (TAMS) manufactured by
Qualimetrics were deployed at the test facility. The primary TAMS was located near the
centerline microphone (see Figure 9). A backup TAMS was placed atop the FIT airport
control tower. The backup station was also utilized by the Test Director for real-time
feedback related to meteorological conditions. Each TAMS system was configured to
measure temperature, relative humidity, wind speed, wind direction, and barometric

pressure, continuously at 1l-second intervals throughout the study.

Representative

temperature and relative humidity data for each event are presented in Appendix C.
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4.0 DATA COLLECTION AND TEST SERIES DESCRIPTION

The modeling methodology provided in the INM is based on relationships defined in an
aircraft noise and performance database. Procedures for using and developing these
databases are described in SAE-AIR-1845 (Reference 4), the INM Technical Manual
(Reference 5) and the INM Database Request Form (Reference 5 and Appendix A). An
aircraft noise and performance database will define the noise source for an aircraft state
and be structured in a way that allows a model to reflect how noise source changes with
aircraft state.

The test series described in this chapter are designed to capture the noise source as a
function of aircraft state. Typically the state of the aircraft includes the aircraft
operational mode (Level Flight, or LFO, Approach, or APP, and Departure, or DEP) and
its power state. Advanced modeling will vary noise as a function of flap state and speed
independent of operational mode and power setting, and this capability is available in the
INM 7.0° series. For INM modeling using the INM 6.0 series, speed/velocity effects are
included in the power state and there is no variation of noise source directly related to the
speed of the aircraft. The only adjustments directly related to speed that are accounted
for in later sections are duration corrections applied to exposure based metrics.

The SAE guidance document (Reference 4) is primarily a jet noise model that is adapted
to handle aircraft such as propeller-driven aircraft and helicopters. SAE is examining the
refinement of these methods to support more advanced modeling related to helicopters.
This data collection effort includes test series that support additional source data for noise
models, including: 1) accounting for directivity through left, right and center NPD
curves, 2) 360-degree directivity patterns for hover and idle static operations, and 3)
effects of speed on noise beyond simple duration corrections. The speed effects in the
latter are referred to as blade tip mach number corrections, as this is believed to be the
dominant source for this speed adjustment. SAE will peer review these and other issues
related to helicopters. As this type of data has been collected across other projects and is
considered a better practice than the simpler methodology in SAE-AIR-1845, FAA will
provide this data in INM 7.0 to assist SAE and modelers in helicopter-related projects.

Test series descriptions for each aircraft are outlined in Tables 13, 14, and 15. Dynamic
Operations events included LFO, APP, and DEP flight configurations.

4.1 Propeller-Driven Aircraft
Table 13 describes the different test series for propeller-driven aircraft, varied by:

— Flight Configuration (Operational Mode, Flap Setting, Descent)
— Reference Altitude

— Reference Speed

— Power

Flight configuration varied among LFO, APP, and DEP. The reference altitude was 500
ft for most events, except for the 1100 and 1200 measurement series flown with the PA-

3 At the time of publication, INM 7.0 has yet to be publicly released.
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28 #2, in which the reference altitudes were 100 and 200 ft, respectively. The flap
settings were appropriate to the aircraft configuration. The reference speed refers to the
aircraft groundspeed, in kts. Aircraft power is expressed in either RPM, manifold
pressure (MAP, in inches of Mercury [in-Hg]), or torque (ft-1b).

In the last two columns of Table 13, test series noise data collected to meet
basic INM requirements are distinguished from test series noise data collected
as a supplement to INM requirements, specific to the anticipated needs of the
ATMP program.

Maule M-7-235C 500 Series, 600 Series, 700 Series, 800 Series, and 900
Series noise data were not collected due to inclement weather conditions. A
more detailed discussion of the Maule test series is presented in Section 6.1.3.

Piper Warrior PA-28-161 1100 and 1200 Series noise data were collected in
order to investigate the relationship between right-side and left-side noise (i.e.,
Does this aircraft possess a noticeably different noise signature on the left
versus right side of the craft?); the results of an investigation into this
directivity relationship and the possible effects of the ground surface need to
be addressed in the future.

The PA-28 (#2) 2000 Series noise data were collected in order to compare
runs performed with two different PA-28 aircraft and to ensure the noise
characteristics for the two aircraft were similar. A comparison of the data for
these two aircraft is presented in Section 6.1.2.

16



Table 13. Propeller-driven aircraft test series descriptions.

. Ref. # Ref. Power
. Operational | Flap Descent . INM
Series | Conf. Mode | S (ft/min)* Aflt. Aircraft EI\J/en;s S}l)(eed RPM MAP Torq. Stand. Supp.
(ft) se (kts) (in-Hg) | (ft-1b)
PA-28 (#1) 6 105 2467 NA NA
Level PA-30 2 165 2400 26 NA
300 | LFO fliaht Up NA 500 PA-31 5 156 2380 34 NA v
g M-7-235C | 3 87 | 2300 | 23 NA
1900D 5 220 1450 NA 3000
PA-28 (#1) 3 95 2150 NA NA
Level PA-30 1 135 2200 22 NA
400 1 LFO 1 i | UP NA 00 A 2 155 | 2190 | 27 NA v
M-7-235C 1 70 2000 15 NA
PA-28 (#1) 6 79 2442 NA NA
PA-30 5 97 2600 24 NA
500 | DEP | Departure | Up NA 500 PASI 3 105 3500 20 NA v
1900D 3 160 1700 NA 3200
PA-28 (#1) 2 100 1800 NA NA
PA-30 3 100 2300 15 NA
600 APP | Approach Up 500 500 PA3I 3 160 2400 NA NA /
1900D 3 160 1450 NA 800
PA-28 (#1) 1 80 1600 NA NA
PA-30 3 96 2300 13 NA
700 | APP | Approach 10 500 500 PAI 3 750 2380 NA NA v
1900D 2 130 1450 NA 700
PA-28 (#1) 1 70 1500 NA NA
PA-30 3 87 2300 14 NA
800 | APP | Approach 25 500 500 PASI 2 120 3350 20 NA v
1900D 2 115 1550 NA 1000
PA-28 (#1) 3 87 2600 NA NA
PA-30 3 97 2650 29 NA
900 | LFO Accel. Up NA 500 PAAI 3 105 480 20 NA v
1900D 3 160 1550 NA 3200
Level
1100 | LFO flight Up NA 100 | PA-28 (#2) 2 105 2467 NA NA \/
Level
1200 | LFO flight Up NA 200 | PA-28 (#2) 4 105 2467 NA NA v
Level
2000 | LFO flight Up NA 500 | PA-28 (#2) 3 105 2467 NA NA v

Meteorological and TSPI data are presented for each of these events in Appendices C and
D, respectively.

4.2 Helicopter - Dynamic Operations
Table 14 describes the Dynamic Operations test series for helicopter aircraft, varied by:

— Flight Configuration (Operational Mode, Descent Angle)
— Reference Altitude

— Reference Speed

— Power

NPDs for the above conditions are developed for left, right, and center of the helicopter
to account for special directivity effects.

* Note that the rate of descent parameter for propeller aircraft is presented in units of feet-per-minute, while
for helicopters (Table 14) it is described in terms of a descent angle, in degrees.
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Flight configuration varied among LFO, APP, and DEP. The reference altitude was 500
ft for all events, except for the 180 measurement series, in which the reference altitude
was 100 ft. The descent angle (degrees) varied among 0, -3, -6, -9, and -12. The
reference speed (kts) refers to the helicopter groundspeed. Helicopter power is expressed
in either MAP, percent engine speed (%), or percent torque (%).

e In the last two columns, test series noise data collected to meet basic INM
requirements are distinguished from noise data collected as a supplement to
INM requirements specific to the anticipated needs of the ATMP program.
As indicated in Table 14, the ATMP program anticipates the need for an
expanded set of APP data at -3-, -9-, and -12-degree descent angles.

Table 14. Helicopter test series descriptions.

Operational Descent Re. # Ref. Power INM
Series | Conf. Mp ode anele’ Alt. Aircraft Events Speed MAP (in- | Torq. Engine Stand Supp.
g (ft) Used (kts) Hg) (ft-lb) | Speed (%) ’
Level R-22 3 90 22 NA NA
120 1 LFO | it 0 300 TR0 3 115 NA 75 93 v
Level R-22 3 81 22 NA NA
130 | LFO flight 0 00 TECT30 2 125 NA 88 96 v
Level R-22 1 7 20 NA NA
140 LFO | gy 0 390 TEci30 3 101 NA 53 90 v
Level R-22 3 63 18 NA NA
10 | tro flight 0 >0 TEc130 3 88 NA 53 89 v
Level R-22 2 54 18 NA NA
160 | LFO flight 0 200 TR0 3 76 NA 48 89 v
Level R-22 3 72 17 NA NA
180 | LFO flight 0 10 MEcs0 3 101 NA 70 93 v
R-22 3 53 23 NA NA
210 | DEP | Departure NA 500
EC-130 6 65 NA 85 95 v
R-22 1 53 19 NA NA
310 | APP | Approach -3 500 EC-130 3 5 NA 33 3 /
R-22 2 53 15 NA NA
320 | APP | Approach -6 500 EC-130 3 65 NA T 73 \/
R-22 3 53 15 NA NA
330 | APP | Approach -9 500 EC-130 3 65 NA 10 76 /
R-22 2 53 17 NA NA
340 | APP | Approach -12 500
EC-130 4 80 NA 10 79 v
R-22 3 50 14 NA NA
350 | APP C"“Sta}m 6 500
Decel. EC-130 3 60 NA 12 78 v

Meteorological and TSPI data are presented for each of these events in Appendices C and
D, respectively.

4.3 Helicopter - Static Operations
Table 15 describes the Static Operations test series for helicopters, varied by:

— Flight Configuration
— Reference Altitude

> Note that the rate of descent parameter for helicopters is presented in terms of a descent angle, in degrees,
while for propeller aircraft it is presented in units of feet-per-minute.
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— Power

The test series for these conditions are used to develop a single NPD accompanied by a
full 360-degree directivity pattern to model flight configuration varied by hover in-
ground effect (HIGE), hover out-of-ground effect (HOGE), Ground Idle, and Flight Idle.
The reference altitude depended on helicopter position (Reference 3), but in all cases was
measured from the bottom of the helicopter skids. Helicopter power is expressed in
either MAP, percent engine speed, or percent torque.

e Event 410 was designed to measure HIGE, and Event 420 was designed to
measure HOGE. The HIGE reference altitude is 5 ft, and the HOGE reference
altitude is the main rotor diameter multiplied by 2.5 (Reference 3), or 63 ft for
the R-22 and 88 ft for the EC-130. These events were performed directly over
the hover point illustrated in Figure 10.

e Note that rotation of the helicopters through 180 degrees simulated a full 360-
degree rotation, based on the use of two microphones on opposite sides of the

craft (see Section 6.2).

Table 15. Helicopter Static Operations test series descriptions.

Ref. R-22 EC-130 Power
. Operational R-22 Ref. EC-130 Ref. INM
Series | Config. Mode Speed | \jiitude (F° | Altitude (fy5 | MAP Engine Torq. | Stand. | SUPP-

(kts) (m-Hg) Speed (%) (%)

410 HIGE Hover 0 5 5 25 93 66 »/

420 HOGE Hover 0 63 88 25 93 70 \/

Flight
510 Idle Idle 0 0 0 15 90 11 /
Ground
520 Idle Idle 0 0 0 11 68 9 \/

Meteorological and TSPI data are presented for each of these events in Appendices C and
D, respectively.

4.4  Helicopter — Source Noise Speed Effects

The fundamental SAE-AIR-1845 modeling methodology does not directly account for
speed effects on source noise; there are only duration corrections that are applied to
exposure-based metrics, such as SEL and EPNL. However, it is recognized that these
speed effects do exist. For example, data collection efforts and research projects can
identify airframe noise effects for commercial jet aircraft, and to account for these effects,
special adaptations to SAE-AIR-1845 must be employed.

Helicopter measurement programs have also quantified a speed effect (Reference 8).
Across test series of level flight conditions (LFO), power and aircraft state may be
constant with aircraft speed varying about the reference speed. Aircraft noise will be
seen to vary with speed and this effect may be captured through a regression of noise on

% HIGE and HOGE altitude are measured from the bottom of the helicopter skids.
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speed. There may be several sources for this effect, but the dominant source is believed
to be attributable to blade tip mach number. Previous measurement programs for noise
models (Reference 8) have reported this effect as a blade tip mach number correction.
The flight tests of this study sought to observe and quantify this effect to check
consistency with past measurement programs and modeling efforts.
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5.0 TEST SERIES DATA ANALYSIS/NOISE MODEL DATA DEVELOPMENT

Section 4.0 of this report details the test series of this data collection and describes the
noise source data that is produced to support current noise models. This section describes
the analysis undertaken to process the collected data and the procedures used to transform
this data into a form suitable for noise models. This section overviews the data reduction
and analysis procedures. Noise-Power-Distance (NPD) data were generated for four
different noise metrics: sound exposure level (SEL), denoted by the symbol Lag;
maximum, slow-scale, A-weighted sound level (MXSA), denoted by the symbol Lagmx;
effective perceived noise level (EPNL), denoted by the symbol Lgpy; and tone-adjusted,
maximum, slow-scale, perceived noise level (MXSPNT), denoted by the symbol Lpnrsmx.
Hover data consist of time-period, equivalent, continuous, A-weighted sound pressure
levels (TAEQ), denoted by the symbol Lacq, and time-period, equivalent, continuous,
perceived noise levels (TPEQ), denoted by the symbol Lpnt..” For the EC-130 HIGE and
HOGE events and the R-22 HIGE event, the averaging time-period (t) is 10 seconds; for
the R-22 HOGE event, the averaging time-period is 6 seconds.

See Appendix E for aircraft Dynamic Operations Lag, Lasmx, Lepn, and Lpntsmxy NPD data
in tabular form, helicopter hover and idle configuration Laeq and Lpnte NPD and
directivity data in tabular form, and aircraft Lag NPD data in plotted form.

Developing noise model data from data collected in a particular test series requires that
analysis procedures verify and determine that the acoustic state captured by an NPD
correctly represents the intended reference conditions. This involves a three-step process,
including: 1) Verify that an individual event adhered to the test series reference
parameters (i.e altitude, power, speed) to produce a final event set; 2) Obtain the
statistical average of the final event set to produce representative noise model data (i.e.
spectral class, NPD, blade tip mach number); and 3) Perform an analysis that quantifies
the relation between the average model data and the final event set for the test series.

5.1 Test Series Event Verification

Field data are collected in various formats, including DAT (acoustic data), ASCII files
(TSPI and Met data), digital video tape (video tracking data), and paper annotation
(multiple field logs). This information was converted to a uniform digital format for
processing by VCAF’s analysis software.

5.2 Noise Model Data Development

Noise model data development included the production of: 1) Spectral Classes; 2)
Noise-Power-Distance-Curves; 3) Helicopter Static Operation Directivity Patterns; and
4) Blade tip mach number corrections. Field data were reduced to a form usable by
VCAF’s analysis software, and the procedures discussed in FAR Part 36 (Reference 1)
were followed.

” From this point forward, noise metrics will be referred to by their symbol (Lag, Lasmx, Lepns LenTsmso
LAeqts or Lpnry).



e FAR 36 The as-measured sound pressure level (SPL) data, meteorological
data, and tracking data were used by VCAF’s processing suite to generate a
set of sound level metrics. These metrics were derived for the three, 4-ft
microphones for each aircraft event. A general processing flow diagram is
presented in Figure 13.

Acoustic Instrumentation:

tape recorder

third-octave analyzer
third octave noise data

aircraft and background

A 4

graphic level
recorder

timecode reader

Processing:

third octave noise data
aircraft and background

meteorological data

FAR 36 L,

fracking data

processing suite

system correction data

measurement info

Figure 13. Data processing flow diagram

e Four programs in the VCAF FAR 36 processing suite apply the necessary
sound level adjustments:

First, system correction data files are generated, including combined
system frequency response, combined microphone pressure and free-field
response, and valid average pre-detection background noise.

Second, initial acoustic data processing is performed, including the
calculation of a timestamp for each record, the testing of data validity vs.
pre-detection and post-detection background noise, and the calculation of
preliminary metrics for each acoustic data record, including tone-
correction factors. Using meteorological and tracking data, this second
program also reconstructs masked sound pressure levels via frequency-
extrapolation and/or time-extrapolation methods.

Third, aircraft tracking data is processed, including the calculation of
single-point track data from the TSPI time-history data, the determination
of the speed of sound, and the calculation of propagation distance,
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acoustic emission angle, elevation angle, and reference condition
propagation distance for each acoustic data record.

— Fourth, spherical spreading and atmospheric absorption are accounted for
via both the simplified and integrated procedures.

e Sound level metrics were derived using both simplified and integrated
procedures:

- Simpliﬁed Metrics Slmphﬁed LAE, LASmx, LEPN: and LPNTSmx metrics
were generated using as-measured spectral and tracking data taken at
aircraft overhead time. These metrics were strictly used for diagnostic
purposes only and will not be discussed further in this document.

— Integrated Metrics Integrated Lap, Lasmx, Lepn, and Lpnrsmx metrics
were generated using the full, spectral, meteorological and tracking time-
history data representative of aircraft sound levels within ten decibels of
the maximum sound level. The integrated procedure adjusts the as-
measured, one-half second spectral data for atmospheric and off-reference
conditions to a single, reference condition. These integrated metrics have
been assembled into NPDs and are presented in the noise data tables in
Appendix E.

A test was performed to compare the variance of the Volpe software processing
methodologies. In Figure 14, as-measured and FAR 36-generated Lag and Lasmx values
are compared. This plot features data from the EC-130 helicopter and compares as-
measured, simplified FAR 36, and integrated FAR 36 Lag and Lasmx values from
individual 120 Series events plus the average and standard deviation of the events.
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Figure 14. Processing methodology comparison of individual EC-130 120 Series event
Lag and Lasmx values with average and standard deviation
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6.0 RESULTS

Results from the Fitchburg Noise Measurement Study are presented in this section.
Section 6.1 discusses Dynamic Operations NPDs. Refer to Tables 13 and 14 in Sections
4.1 and 4.2, respectively, for specifics on the operational characteristics associated with
each Dynamic Operations measurement series. Directivity plots for the helicopter HIGE
and HOGE events are presented in Section 6.2. Refer to Table 15 in Section 4.3 for
specifics on the operational characteristics associated with each hover event.

Each measurement series NPD was generated from Dynamic Operations noise data
collected during one to six DEP, APP, or LFO events which were adjusted in VCAF’s
FAR 36 processing software, grouped by configuration and power settings, and
arithmetically averaged together.

Though the INM currently uses only centerline NPDs to calculate noise for propeller-
driven aircraft, the sideline NPDs are discussed for completeness and in the event a future
release of the INM may utilize sideline NPDs in its calculations. The helicopter noise
calculation methodology to be included in INM 7.0 is expected to utilize centerline and
sideline NPDs, as is the case with the Heliport Noise Model (HNM).

6.1  Noise-Power-Distance Curves

The Dynamic Operations NPDs from the Fitchburg noise study are discussed in Section
6.1. Left-side, center, and right-side (relative to the direction of flight) noise data were
collected for the Maule M-7-235C, Piper Twin Comanche PA-30, Piper Navajo Chieftain
PA-31-350, Piper Warrior PA-28-161, and Beech 1900D propeller-driven aircraft as well
as the Eurocopter EC-130 and Robinson R-22 helicopters. The NPDs generated from
these noise data, adjusted for reference speed, reference distance, reference temperature,
and reference relative humidity and grouped into measurement series according to power
settings, are presented in tabular form in Appendix E. The Lag Dynamic Operations
NPDs are plotted in Figures E-1 through E-56.

6.1.1 Reference Speed Duration Adjustment for Exposure-Based Metrics

All of the exposure-based NPD data in Section 6.0 and Appendix E were developed
(according to the procedures documented in Section 5.0) using each aircraft’s reference
speed. Consistent with SAE-AIR-1845 ([Reference 4] which, along with FAR 36, is the
foundation for processing data for inclusion in the INM [Reference 5]), NPDs for
exposure-based aircraft noise metrics were adjusted to a reference speed of 160 kts. This
was performed by applying a duration adjustment to the propeller-driven aircraft NPDs to
account for the effect of time-varying aircraft speed. Since the Lasmx and Lpnrsmx metrics
are assumed to be independent of speed, no duration adjustment is applied to these
metrics. The Lag and Lgpy values in Appendix E of this report were adjusted prior to
entering them into the INM’s NPD CURV.DBF database table, which is included in
Appendix G. This duration adjustment is made using the following equation from
Section 3.7 of the INM Technical Manual (Reference 6):

DURADJ =10 log10[160/ASSGg] [Eq 1]



where AS,, is the aircraft reference speed at the closest point of approach between the
flight segment and the receiver.

All aircraft-specific reference speeds and the corresponding INM duration adjustments to
160 kts are provided in the TSPI data tables in Appendix D of this report. The aircraft
NPD noise metric information contained in the NPD CURV.DBF file described in
Appendix G and found on the included CD-ROM have been adjusted to a reference speed
of 160 kts. No other data presented in this report have been adjusted to 160 kts. Data
reference speed information is summarized in Table 16.

Table 16. Propeller-driven aircraft data reference speed information.

Data Set Reference Speed
Section 6.0 Aircraft specific
Appendix D Aircraft specific
Appendix E Aircraft specific
Appendix G 160 kts

6.1.2 Two Fitchburg PA-28 Aircraft

As noted in Section 1.0, two different PA-28 aircraft were utilized for the study, one on
April 29 and May 6, 2002 (PA-28 #1), and the other on August 30, 2002 (PA-28 #2).
While only PA-28 #1 was used to collect events for basic INM requirements, some
events were collected with PA-28 #2 as a supplement to INM requirements specific to
the ATMP program. The noise collected from both the PA-28 #1 and the PA-28 #2
during a 500-ft reference altitude LFO at 105 kts reference speed and 2,467 RPM
reference power were compared in order to measure repeatability, and to determine the
degree of acoustic equivalency of the two aircraft. Table 17 presents a comparison of the
noise collected from PA-28 #1 and PA-28 #2 in level flight. The PA-28 #1 left-side,
centerline, and right-side NPDs were generated from the noise collected during six LFO
events which have been adjusted in VCAF’s FAR 36 processing software, and
arithmetically averaged together. The PA-28 #2 NPDs were generated from the noise
collected during three LFO events, similarly adjusted and averaged.
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Table 17. An L,g comparison of two Warrior PA-28 aircraft at 500-ft, 105-kts.

Dist. (ff) Average Left A Average Center A Average Right A
(dB(A)) (dB(A)) (dB(A))

200 0.0 -1.4 -0.8
400 -0.2 -1.6 -0.9
630 -0.3 -1.8 -1.0
1000 -0.4 -1.9 -1.1
2000 -0.5 -2.1 -1.2
4000 -0.4 -2.2 -1.0
6300 -0.1 -2.1 -0.7
10000 0.2 -2.0 -0.3
16000 0.7 -1.8 0.4
25000 1.0 -1.5 0.8
max 1.0 -1.4 0.8
min -0.5 2.2 -1.2
average 0.0 -1.8 -0.6

It was found that the Lag results from the two aircraft are very similar at the left and right
sideline (generally within 1.0 dB), and were relatively similar at the centerline (generally
within 2.0 dB). The similarity between the noise of the two aircraft is further
demonstrated in a comparison of the centerline maximum adjusted noise spectra
generated by each aircraft during 500-ft, 105-knot LFO events collected over three
different days. These spectra, which have been adjusted to a 500-ft reference altitude, are
presented in Figure 15.
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Figure 15. Comparison of PA-28 aircraft adjusted centerline maximum spectra

27



The three black spectra represent data for the PA-28 #1 flown on April 29, 2002. The
three yellow spectra are from PA-28 #1 flown on May 6, 2002. The three pink spectra
are from PA-28 #2 flown on August 30, 2002. Based on the above comparisons, it was
concluded that comparable data collected for the two aircraft were sufficiently similar.

6.1.3 Maule M-7-235C Data

Weather conditions during the Maule study were below Visual Flight Rules (VFR)
minimum requirements for operation in controlled airspace; cloud ceilings were at
approximately 2,000 ft mean sea level (MSL). In order to obtain the minimum necessary
acoustic data, study events were performed at the end of “missed approaches” on the
Fitchburg GPS RWY 20 instrument APP procedure. The flight time required for each of
these events was approximately 20 to 25 minutes, as opposed to the typical 5 - 7 minutes
for normal VFR condition events. The additional time required resulted in only two
measurement series being completed for this aircraft. Accordingly, data are only
presented for the Maule 300 and 400 Series in Appendix E and Appendix G.

6.2 Helicopter Directivity Data

Polar plots of the helicopter directivity noise data are presented in Figures 17 through 20
of Section 6.2. These data are presented in tabular form in Appendix E. Table 15
presents the Static Operations test events for helicopters, varied by configuration and
altitude. Note: Event 410 was designed to measure the HIGE, and Event 420 was
designed to measure the HOGE. These events were performed directly over the hover
point illustrated in Figure 10 at different reference altitudes measured from the bottom of
the helicopter skids: The HIGE reference altitude is 5 ft, and the HOGE reference
altitude is the main rotor diameter multiplied by 2.5 (Reference 3).

The R-22 began the HIGE event in line with the longitudinal axis, with the nose facing
the West Hover Microphone and the tail facing the East Hover Microphone (see Figure
10 above for a diagram of the helicopter hover event placement). The pilot then rotated
the helicopter counterclockwise in 45-degree increments approximately every 30 seconds
through a sweep of 180 degrees at a reference altitude of 5 ft. Figure 16 below presents a
diagram of the helicopter sweep pattern. For the HOGE event, the pilot rotated the R-22
clockwise back to its original position at an altitude of 63 ft. EC-130 measurements were
conducted in a similar manner, with reference altitudes of 5 and 88 ft, respectively, for
the HIGE and HOGE events.

Data in increments of 15 degrees were interpolated from the 45-degree data in order to
meet anticipated requirements for future releases of the INM. Note that rotation through
180 degrees simulated a full 360-degree rotation, based on the use of two microphones on
opposite sides of the craft. The plots below present the time-period equivalent
continuous A-weighted sound pressure level (TAEQ) difference, denoted by the symbol
ALacqi, produced as the helicopter nose sweeps 180 degrees away from the longitudinal
axis (position L_0, where the Rotational Angle and ALy are both zero), with the right
side facing one microphone and the left side facing the other microphone. For the EC-
130 HIGE and HOGE events, and the R-22 HIGE event, the time-period is 10 seconds;
for the R-22 HOGE event, the time-period is 6 seconds. Average wind direction and
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wind speed are noted on each plot. Note that a wind direction of zero degrees indicates a
wind blowing exactly north.

L 105 L90 | 75

Wind Key
S =180°
L_150
L 165 N=0°
R_180
ALjeq (AB(A))

N R_105 g g9 RS

Rotational Angle (Degrees)

Figure 16. Helicopter sweep pattern through HIGE and HOGE events

6.2.1 Hover In-Ground Effect

Some asymmetry is noted in the R-22 and EC-130 HIGE data, plotted in Figures 17 and
18. Asymmetry is not uncommon in hover noise directivity data and has been noted in
HNM data (Reference 3). However, it is important to know that this asymmetry is not
due to the effects of wind. A cursory analysis of the correlation between wind speed and
direction and the hover noise directivity sound levels in Figures 17 and 18 indicates that
asymmetry in the directivity data is not the effect of wind speed and direction but rather a
real characteristic of the source.

Average Wind
Direction = 226°
Average Wind
Speed = 6.9 mph

3 Wind Key
_150/ ! i3 AL S=180°
Al acgos(dB(A)) [fd f \
R_180 = N N=0

R105 & g9 R75

Rotational Angle (Degrees)

Figure 17. EC-130 HIGE directivity
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Figure 18. R-22 HIGE directivity

6.2.2 Hover Out-of-Ground Effect

Some asymmetry is noted in the R-22 and EC-130 HOGE data, plotted in Figures 19 and
20. Again, a cursory analysis of the correlation between wind speed and direction and
the hover noise directivity sound levels in Figures 19 and 20 indicates that asymmetry in
the directivity data is not the effect of wind speed and direction but rather a real

characteristic of the source.
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Figure 19. EC-130 HOGE directivity
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Figure 20. R-22 HOGE directivity
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APPENDIX A: INM DATA

Appendix A presents the aircraft performance data necessary to build INM database
tables for the Piper Twin Comanche PA-30, Piper Navajo Chieftain PA-31-350, Piper
Warrior PA-28-161, and Beech 1900D.

As discussed in Section 6.1.3, weather conditions during the Maule M-7-235C study
resulted in only two measurement series being completed for this aircraft. Therefore,
instead of a performance data report, options for including the Maule as a user-defined
aircraft in the INM are presented.

Performance data for the EC-130 and R-22 helicopters are presented in Sections 2.6 and
2.7, respectively. Options for including the EC-130 and R-22 as user-defined aircraft in
the INM are also presented.

A.1 INM Database Request Form

The aircraft performance data are presented in the form of letter reports prepared by
Senzig Engineering for the VCAF. Each letter report details the derivation of
performance parameters for each propeller-driven aircraft and provides a completed INM
Database Request Form (Reference 6). Because the letter reports are considered stand-
alone documents, the tables and figures presented in these letter reports are not listed in
the List of Figures and the List of Tables.



A.1.1 Piper Twin Comanche PA-30
June 2, 2003

Gregg Fleming
Division Chief, Environmental Measurement and Modeling

John A. Volpe National Transportation Systems Center
55 Broadway
Cambridge, Massachusetts

Re: Piper Twin Comanche data for the Integrated Noise Model
Dear Mr. Fleming,

On April 30, 2002, the Volpe National Transportation Systems Center (Volpe) and the
Federal Aviation Administration (FAA) conducted a study with a Piper PA-30 Twin
Comanche (PA-30) at Fitchburg Municipal Airport in Massachusetts. The study was
conducted with the goal of determining reference noise and performance data for the
FAA’s Integrated Noise Model (INM). This letter report describes the methods and
documents the information sources used to generate the INM performance data. As part
of the same test, four other propeller-driven aircraft were tested: a Piper PA-28 Warrior, a
Piper PA-31-350 Navajo Chieftain, a Raytheon Beech 1900D, and a Maule M-7-235C.
The INM performance data developed for these aircraft are contained in separate letter
reports.

INM performance data are divided into thrust parameters and aerodynamic parameters.
The first Section of this report discusses the PA-30 thrust parameters and their sources.
The second Section discusses the PA-30 aerodynamic parameters and their sources. The
report concludes with a discussion of how these parameters are used in the INM to model
DEP and APP performance of the PA-30.

The basic characteristics of the PA-30 are listed in the table below:

Table 1. PA-30 characteristics.

Piper Twin Comanche PA-30
Max Takeoff weight 3,600 1b
Engines (2) Lycoming 10-320-B1A
Propellers (2) Hartzell HC-E2YL-2




Thrust Performance INM performance coefficients are based on the equations found in
SAE-AIR-1845'. A primary parameter in the calculation of aircraft noise and
performance in the INM is thrust. The INM uses the following equation to calculate
thrust from horsepower and flight speed. This equation is the equivalent of SAE-AIR-
1845 equation A4:

F _ KnHP

(1)
o Vo
where
F is the net thrust in pounds
o is the non-dimensional pressure ratio
K is a constant to convert to dimensionally consistent units
n is the non-dimensional propeller efficiency

HP  is Horsepower
and V' is true airspeed in kts

The Horsepower is found from the study conditions, the engine performance data
recorded during the study, and Lycoming engine performance charts. A computer
program called LycNA® was written to automate the determination of Horsepower.
Hartzell Propeller Inc. provided a copy of their MAPINTRP computer code and the data
files for the PA-30 propeller so that propeller efficiencies could be calculated. True
airspeed in knots (KTAS) is found from the calibrated airspeed in knots (KCAS) and the
density ratio o at the study condition using the following equation:

KTAS = KCAS/Jo 2)

Table 2 below shows the engine parameters for each of the flight conditions used in the
test. These values represent averages over the particular study series. Horsepower, the
only derived value, was found from the average of the horsepower values calculated for
each run, not the horsepower that one could calculate from the average values of the other
operational parameters listed in Table 2. Note that the altitudes listed in Table 2 are
Mean Sea Level (MSL), not Above Ground Level (AGL), since MSL altitudes are
required for the performance calculations that follow.



Table 2. Study conditions.

Flight Condition (‘;ftl‘\f[“sdf) (()o‘;)T RPM | HP | KTAS | 7] %

Normal LFO 3000 ft (100 Series) 3257 35 2380 | 118 172 .80 | 2327
DEP 3000 ft (200) 3545 33 2650 | 150 115 .82 | 456.8

Normal LFO 500 ft (300) 838 48 2375 | 112 160 .83 | 214.0

Tour LFO 500 ft (400) 825 46 2200 | 89 137 .82 | 2013

DEP 500 ft (500) 808 45 2607 | 118 107 .81 | 3393

Flaps and gear up APP 500 ft (600) 642 46 2300 | 38 126 49 | 554
Flaps and gear down APP 500 ft (800) 675 46 2283 | 43 105 .69 | 107.3
Acceleration 500 ft (900) 848 47 2650 | 159 163 .82 | 297.8

For calculating the INM thrust, which doesn’t account for power degradation with
increasing altitude, a two-step engine power process was used. In the first step, the
atmospheric conditions at 1,500 ft MSL were used for the INM’s “MaxTakeoff” power
setting; this was taken as the average condition between the runway at Sea Level and the
end of the first step at 3,000 ft MSL. The Manifold Pressure (MAP) was found by using
the standard procedure of operating normally aspirated aircraft at “square” conditions; the
MAP is set to the RPM divided by 100, or 26 inches (i.e., the take-off power condition is
“26-square”, 2,600 RPM and 26 inches of manifold pressure). For these conditions,
LycNA calculated 139.4 hp.

For the second step, an altitude of 5,000 ft MSL was used as the nominal condition for
the INM’s “MaxClimb” power setting; this altitude was meant to provide a bias toward
the lower range of the altitude (3,000 ft to 10,000 ft) to provide a conservative estimate of
the noise on the ground. At this altitude, the Manifold Pressure drop with increasing
altitude must be considered. To calculate the nominal manifold pressure, the standard
pressure ratio at 5,000 ft is 0.8321, or 24.90 inches in the units used by Lycoming for
MAP. To account for losses in the aircraft’s induction system, 1 inch was subtracted
from the standard pressure, for a final manifold pressure of 23.90 inches at 5,000 ft. This
Manifold Pressure at a constant engine speed of 2,600 RPM vyields an engine power of
130.0 hp.

Aerodynamic Parameters

The INM uses the coefficient of drag divided by lift (R) in the calculation of aircraft DEP
and APP performance. The equation used to find the value of R for the various flight
conditions is based on equation A12 in SAE-AIR-1845:

F/ 1
_ /5 sin(y)
R=21L9 227 (3)

/5 1.01

where

R is the non-dimensional coefficient of drag divided by lift
F is the net thrust in pounds
w is the aircraft weight in pounds




o is the non-dimensional pressure ratio
¥ is the climb angle in degrees

and 1.01 is a factor used to adjust the climb angle for flight into an assumed headwind.

To calculate R used in the first segment of the climb, a modified version of the above
equation was used. This modified version, found on page 30 of the INM Technical
Manual® , accounts for acceleration during a climb segment. The equation is:

S, =0.95k(v;, =v)/(G, - G) (4)
where

S, 1s the horizontal distance in ft

k is a constant to convert to dimensionally consistent units

V1 is the initial true airspeed in kts

V2 is the final true airspeed in kts
G,  isan acceleration factor; G, = N(F/5)/(W/5)— R (non-dimensional)

N is the number of engines
and G is the climb gradient (non-dimensional)

The equation is re-ordered to solve for the R parameter. The horizontal distance S, is
found in the PA-30 Owner’s Handbook® in Section IV, pages 56 and 57. The horizontal
distance is the difference between the “take-off distance over 50 ft obstacle at various
altitudes, temperatures, weights, and winds” found in the chart on page 57 and the “take-
off ground run distance at various altitudes, temperatures, weights, and winds” found in
the chart on page 56. For International Standard Atmosphere (ISA) conditions at Sea
Level (SL), the distance from the start of the take-off roll to the end of the ground roll is
1250 ft, at which point the aircraft is moving at a true airspeed of 70 kts. The distance to
the point where a 50 ft obstacle is cleared in 2,160 ft, at which point the aircraft is
moving at a true airspeed of 79 kts. For these conditions, the climb gradient G is the 50 ft
altitude gain divided by the 910 ft horizontal distance.

The only unknown in the above equation is the adjusted net thrust term. The thrust is
found from using the take-off RPM and MAP settings found during the study. This was
nominally 2,600 RPM and 26 inches as described above. Note that the study aircraft
used this manifold pressure and RPM during the 200 series Events due to the colder (and
hence denser) air of the study compared to ISA conditions. The thrust equation gives an
adjusted net thrust per engine of 488 1b. This, in turn, gives an R value for take-off
conditions of 0.154071.

The enroute climb flap coefficient (R,er0) is found from the “Multi-engine Climb rate and
speed vs. density altitude and weight” chart found on page 59 of the Owner’s handbook.
The enroute climb is non-accelerated, so the first equation in this Section is valid. For the
best rate of climb speed (Vy) of 97 kts and the climb rate of 1,400 ft per minute, the climb



angle is 8.2 degrees. The thrust is 375 lb/engine and the corresponding R value is
0.067504.

y = sin” 1400 fpm/60sec/min _g9° 5)
97knots x1.6878 ft/sec/knot
_F/5_sm}/:2x375_51n(8.2)20.067504 ©)

“w/s 1.01 3600  1.01

For APP conditions, a standard glide slope angle of three degrees was assumed. The
engine powers and propeller efficiencies of the two APP conditions were used to
calculate thrusts of 49 lb/engine for the flaps and gear up (clean) condition and 98
Ib/engine for the flaps 27 and gear down (dirty) condition. These were entered into the
thrust equation with R as the unknown. For the clean configuration, a flap coefficient of
0.078131 was calculated; for the dirty configuration, a flap coefficient of 0.104586 was
calculated.

In addition to the standard INM coefficients, the R coefficients for normal LFO and tour
LFO conditions can be calculated from the above equation when y is zero. For the

normal LFO configuration Rgg is 0.104607 and for the tour configuration Ry i
0.096913.

Modeling Departures and Approaches in the INM

Using the performance coefficients in the previous Sections, we can develop DEP and
APP procedure steps in the INM. The DEP procedures are taken from Reference 5,
pages 31, 56, and 57. The first step in the DEP is to accelerate down the runway at full
power. The PA-30 Owner’s Manual lists a Vy, airspeed of 79 kts (Vi 1s the minimum
airspeed at which a twin engine aircraft can be controlled

if one engine is not working). For this reason, the aircraft should not begin the DEP
climb until this speed is attained. We assume that during the acceleration from the
rotation speed of 70 kts to the V. speed, the aircraft gains minimal altitude, then, once
79 kts is reached, the aircraft is pitched up to climb attitude until 50 ft above the ground.
At this point, the aircraft is allowed to accelerate to the en route airspeed of 113 kts. The
DEP is modeled with a change in thrust setting at 3,000 ft AGL; this is used to
approximate the decrease in engine performance with increasing altitude. The climb then
continues up to the INM’s cutoff altitude of 10,000 ft AGL, with steps at 5,500 and 7,500
ft to improve the true airspeed adjustment.

For the APP, we assume that the aircraft starts at the INM standard altitude of 6,000 ft at
the study APP speed of 120 kts. This speed is held until an altitude of 3,000 ft where the
flaps extension speed of 109 kts is reached and the flaps and gear are extended. The
aircraft further decelerates until the recommended pattern airspeed of 96 kts at 1,500 ft.
The aircraft then slows to the APP speed of 87 kts at 1,000 ft above the field. This
airspeed is held until touchdown. The landing roll distance of 700 ft is found from the



“Landing ground run distance at various altitudes, temperatures, weights, and winds”
chart on page 64 of the Owner’s Handbook.

If you have any questions on the information in this report, please contact me via
telephone at 781.721.4824 or via e-mail at dsenzig@senzig.com.

Sincerely,

SENZIG ENGINEERING

Vi

David Senzig, PE
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INM Database Request Form

The following describes the performance and noise data required for aircraft to be included
in the FAA’s INM database.

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table A-1. INM PA-30 reference conditions.

. 4 m/s (8 kt) headwind, constant with
Wind .
height above ground
Runway elevation Mean Sea Level (MSL)
Runway gradient None
Air temperature 15°C (59°F)
Aircraft takeoff gross weight 3,060 1b
Aircraft landing weight 3,240 1b
Number of engines supplying
All
thrust
Atmosphere International Sguslia)rd Atmosphere

2. AIRCRAFT AND ENGINE DATA

Where there are variations in certification weights and engine thrusts for a given model,
provide data for the heaviest aircraft in terms of maximum gross takeoft weight in the model

classification.
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Table A-2. INM PA-30 aircraft and engine characteristics.

Aircraft model Piper PA-30 Twin Comanche
Engine model Lycoming 10-320-B1A
Number of engines 2
Engine type (jet, turboprop, piston) piston
Noise stage number (2, 3, 4) -
Maximum static thrust (Ib/engine) 777
Automated thrust restoration (yes, no) no
Weight class (small, large, heavy) small
Maximum gross takeoff weight (Ib) 3,600
Maximum gross landing weight (Ib) 3,600
Maximum landing distance (ft) 700

Table A-3. PA-30 INM DEP weights.

Stage number Trip length (nmi) Weight (Ib)
1 0-500 3,600

Takeoff weights should be developed so as to increase with an increase in mission trip
length. Weight assumptions should use industry planning assumptions for load factor,
average passenger weight, excess cargo beyond passenger weight, and fuel required to
complete mission trip length.

3. AERODYNAMIC COEFFICIENTS

Aerodynamic coefficients for use with the SAE AIR 1845 equations are required for
available flap settings. The flap settings may be identified in degrees and abbreviations.
Please provide data for all flap settings specified in Sections 5 and 6.



Table A-4. PA-30 INM aerodynamic and flap coefficients.

Flap Configuration Operati Gear Takeoff | Takeoff Land Drag/Lift
Identifier ( A(,)I]l))l B (ft/Ib) | C (kt/Nb) | D (kt/N1b) R

15-D D down | 0.100146 | 1.166667 0.154071
Zero-D D up 2 0.067504
Zero-A A up 0.078131
27-A A down 1.316667 | 0.104586

" A = Approach, D = Depart

* Not applicable

4. ENGINE COEFFICIENTS

For jet aircraft, engine coefficients in accordance with SAE AIR 1845 equations are
required for maximum takeoff, maximum climb, and general thrust in terms of EPR or NI1.
The Max-Takeoff coefficients should be valid to 6,000 ft MSL, the Max-Climb and General
Thrust coefficients should be valid to 16,000 ft MSL. This is necessary so that the INM
accurately models operations at high altitude airports such as Denver and Salt Lake City.

In addition, high temperature coefficients are required for operations above the thrust break
temperature. INM uses the Max-Takeoff and Max-Climb coefficients below the breakpoint
temperature and uses the Hi-Temp coefficients above the breakpoint temperature. The
breakpoint temperature is at the intersection of the two curves. An example of Max-Takeoff
and Hi-Temp Max-Takeoff curves is shown in Figure 1.

For propeller-driven aircraft, engine coefficients in accordance with SAE AIR 1845
equations are required for propeller efficiency and installed net propulsive power.

Table A-5. INM PA-30 thrust coefficients.

Propeller Installed net propulsive
Thrust Type Efficiency horsepower (hp)
Max-Takeoff .80 139.4
Max-Climb .80 130.5

5. DEP PROCEDURES

DEP procedures consist of a takeoff segment, and a combination of climb and acceleration
segments up to an altitude of 10,000 ft AFE. The endpoint altitude defines a climb segment.
An acceleration segment is defined by its rate-of-climb and the calibrated airspeed at its
endpoint. The flap settings are indicated for endpoints of segments. These flap settings
should coincide with those given in Section 3 above. Please provide procedural data for
each stage length given in Section 2.




Stage
Number

Repeat table for each takeoff stage number (takeoff weight) listed in Section 2.

Table A-6. PA-30 INM DEP procedure.

Segment Thruszt Flap . End.point Rat.e-of- Endpoint Start )
Type! Type Conﬁglfrat130n Altitude Clm}b Speed Thrust

(T/O) Identifier (ft AFE) (ft/min) (KCAS) (Ib)
Takeoff T 15-D 777
Accelerate T 15-D 415 79 520
Accelerate T 15-D 500 113 320
Climb T Zero-D 1500 330
Climb T Zero-D 3000 340
Climb C Zero-D 5500 340
Climb C Zero-D 7500 350
Climb C Zero-D 10000 380

! Add, delete, and sequence the segments as necessary to represent a takeoff procedure
’T= Max-Takeoff, C = Max-Climb, as defined in Section 4

3 Use the identifiers in Section 3

* These data are used to compare to INM-computed thrust values

6. APP PROCEDURES
A landing profile should be calculated for a starting altitude of 6,000 ft above field
elevation (AFE). The flap settings should coincide with those given in Section 3 above.

Landing weight (Ib) 3,600
Stopping distance (ft) 700
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Table A-7. PA-30 INM APP procedure.

Plro.ﬁle Operation Altitude ]?FIZ?:JSO?V?IIP SS;:::i Flap , Start Thrust’
oint (ft AFE) (ft) (KTAS) Configuration (Ib)
1 Descend 6000 -114487 120 Zero-A 50
2 Descend 3000 -57243 109 27-A 100
3 Descend 1500 -28622 96 27-A 100
4 Descend 1000 -19081 87 27-A 100
5 Land 0 30 79 27-A 78
6 | Decelerate 0 670 70 27-A 78
7 Start Taxi 0 0 10 27-A 78

' Glide slope is 3.0 degrees

? Use identifiers in Section 3
? These data are used to compare to INM-computed thrust values
* Landing speed is for reference only; INM calculates landing speed using the D coefficient
(Section 3) and landing weight
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A.1.2 Piper Navajo Chieftain PA-31-350

June 3, 2003
Gregg Fleming
Division Chief, Environmental Measurement and Modeling

John A. Volpe National Transportation Systems Center
55 Broadway
Cambridge, Massachusetts

Re: Piper Chieftain data for the Integrated Noise Model
Dear Mr. Fleming,

On April 30, 2002 the Volpe National Transportation Systems Center (Volpe) and the
Federal Aviation Administration (FAA) conducted a study with a Piper PA-31-350
Navajo Chieftain (PA-31) at Fitchburg Municipal Airport in Massachusetts. These
organizations conducted the study with the goal of determining reference noise and
performance data for the FAA’s Integrated Noise Model (INM) in support of the Air
Tour Management Plan (ATMP). This letter report describes the methods and documents
the information sources used to generate the INM performance data. As part of the same
test, Volpe and FAA tested four other propeller-driven aircraft: a Piper PA-28 Warrior, a
Piper PA-30 Twin Comanche, a Raytheon Beech 1900D, and a Maule M-7-235C.
Separate letter reports contain the INM performance data developed for these aircraft.

Developers of INM performance data can use either procedure steps or profile points to
define the performance of the aircraft. Procedure steps allow the modeled aircraft
performance to account for variations in weather, particularly temperature, or field
elevation. SAE-AIR-1845' defines the relationship of weather and field elevation to
aircraft performance. With profile points, the developer provides the exact altitude,
airspeeds and thrust settings for a given track distance; these do not change as weather
and airport elevation changes. Both the method of generating these profile points and the
method of determining the coefficients in the procedure steps rely on well known
aerodynamic and aircraft performance relationships”.

For propeller-driven aircraft using procedure steps, the INM calculates the net adjusted
thrust at each segment from the following equation:

F  KnHP
== (1
o Vo
where
F is the net thrust in pounds
o is the non-dimensional pressure ratio
K is a constant to convert to dimensionally consistent units
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n is the non-dimensional propeller efficiency

HP  is Horsepower
and V' is true airspeed in kts

Empirical data has shown that net adjusted thrust as well as other power parameters (e.g.
horsepower, or propeller speed) may not correlate with the noise produced by the aircraft.
In the case of the Piper PA-31, engine RPM may better predict noise than thrust (or
horsepower). The following two figures show the Sound Exposure Levels (SEL)
recorded during the study as a function of RPM (Figure 1) and thrust (Figure 2). Note
that the 600 and 800 series data represent APPs and so will comprise a different family of
curve than the other series, which represent either DEPs or LFOs.

PA-31 Power parameter-RPM
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Figure 1. PA-31 noise as a function of RPM
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PA-31 Power parameter-Thrust
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Figure 2. PA-31 noise as a function of thrust

When calculating aircraft performance with procedure steps, the INM uses thrust both as
an independent variable to perform a table look-up of the noise in the Noise-Power-
Distance (NPD) database and as a component of the physical equations that calculate the
position and speed of the aircraft. If the thrust doesn’t correlate well with noise, then a
better predictor of noise should be used, even if this means that without thrust
information procedure steps cannot be used. Because the noise appears to correlate better
with RPM than thrust for the PA-31, I have elected to model the PA-31 performance with

profile points, rather than procedure steps.

This letter report contains the information sources and data used to determine the profile
points of the PA-31 for DEPs and APPs. The report contains enough information so that

later developers can create additional points profiles, both DEPs and APPs, as required.

The basic characteristics of the PA-31 are listed in the table below:

Table 1. PA-31 aircraft characteristics.

Piper Navajo Chieftain PA-31-350

Max Takeoff weight 7,000 1b
Engines (2) Lycoming TIO-540-J2BD
Propellers (2) Hartzell FC8468-6R(Left) &

FJC8468-6R (Right)




In addition, Table 2 below lists the study conditions and operational parameters recorded
during the study. These values represent averages over the particular study series.
Horsepower, the only derived value in the table, was found from the average of the
horsepower values calculated at each run, not the horsepower that one could calculated
from the averaged values of the operational parameters listed in Table 2. Note that the
altitudes listed in Table 2 are Mean Sea Level (MSL), not Above Ground Level (AGL),
since MSL altitudes are required for the performance calculations that follow.

Table 2. PA-31 Fitchburg study conditions.

Flight Condition (‘f‘tftl‘\t{“SdL") (()o‘;)T RPM | HP | KTAS
Normal LFO 3000 ft (100 Series) 3017 36 2300 | 235 188
Normal LFO 500 ft (300) 888 40 2279 | 230 185
Tour LFO 500 ft (400) 909 38 2187 | 193 124
DEP 500 ft (500) 691 37 2500 | 310 124
Flaps and gear up APP 500 ft (600) 758 49 2400 | 103 117
Flaps and gear down APP 500 ft (800) 703 45 2375 | 134 165
Acceleration 500 ft (900) 907 43 2483 | 310 167

DEP Points
The Pilot’s Operating Handbook® (the Handbook) contains the majority of the
information required to generate the profile points. The Handbook contains performance

charts and operational descriptions to aid in calculating all the information needed by the
INM.

Figure 3 below shows the takeoff ground roll and the track distance required to reach 50
ft above ground level (AGL). For the maximum gross aircraft weight, 7,000 1b, the
ground roll is 1,750 ft and the track distance to 50 ft AGL is 2,800 ft.

A-16



PA-31-350, CHIEFTAIN

PIPER AIRCRAFT CORPORATION
‘44 - JONV1SIQ 430-INVL

SECTION §
PERFORMANCE

e o tm i e e s e = s —————— .~ A— o - mem e e v s e s o Adetmr

¢ ) € ) ﬁ.u

£E
14 - MIIMNYE  SL% - ONIM ‘S8 LHDIAM 3, - dW3L WIV 3QISLN0 -
OOI 00 O oL 0 0008 009% 0009 CO%® 000L 09 0y Of O (13 0 Qv 02 O 4- m”
= T [ x>
; : : T 7 = <
=% ! L ad <
0001 5 — - T L M -
SEEnSSIm _ == s &z
ATy == 2 z x &=
o2y =t =3 - ———— = W,
000z ROt SR e w “ &
s e r_o% ST e s e e e e O S~ MU 4
. B g = : : > =S = W = “s
= e e pt T z rmese o Lt s .
ocooe EZAZ et e s S e o = Za =
oty an B ™ 3= “1oo0%5a T : =50 =
AFHe S He = >
st ¥ .ﬁ%n g = x <z e
Faam . : - T2 %0881 [@dunsip im0y e =
ooor L E : = § OPZL “UNI pUnoI =
s e - = T G1e PUIM e
“mm T : e et ‘sq1 00T b =
mmm oaaa : : ‘Y 000Z :IPNUHE AINSSDig 7S]
ooos =g 8 > > 32 3.0Z+ -LYO M
B=2 T - R > : ardwexa =
=8 : SVIX 96 03345 WINNVE . == = e
HEzeE 3 SVIX 98 G334S 1AVIOH < <
= 13A31 AMG Q3AVH *.0 SdV1d ‘430 - HINCLLIONOD ¥Iv—— = =
=i s ‘N340 SdV1d TMOD "HOIM TN STENLXIW = =
= ISVITIM 3¥VHE OL HOIUd (WdY 9LS2Z) dON Hiog M =
14 06 H3A0 3ONVISIA 440INVL TVINHON .m
0se-1e-vd g
]
- -
=z 4

A-17

Figure 3. Ground roll and distance to 50-ft obstacle clearance chart




After the aircraft reaches 50 ft AGL, the aircraft accelerates from the 50 ft obstacle
clearance speed of 95 kts to the best rate of climb speed of 111 kts (from pages 4-9 and 5-
20 of the Handbook). For this acceleration, the INM’s acceleration equation is used to
calculate both the track distance and altitude gained. Note Figure 4 gives a Sea Level
Rate of climb of 1,125 ft per minute at the en route climb speed of 111 kts.

S, =k(vi, —v1))/28(G, - G) @
where

S, 1s the horizontal distance

k is a constant to convert to dimensionally consistent units

V11 is the initial true airspeed in kts

Vo is the final true airspeed in kts

g is the acceleration of gravity

G is an acceleration factor; G, =sin(y)/0.95

ROC is the climb gradient in ft per minute

and G is the climb gradient; G = (ROC/2kv,,) [non-dimensional]

The factor of 2 in the climb gradient term accounts for the assumption that half of the
energy available for acceleration is used for increasing the altitude of the aircraft.
Applying the actual parameters to the above equation gives a segment acceleration

distance of 2,638 ft:

(1.6878x111)* —(1.6878x95)
(1125/60x1.6778x111) 1125
0.95 (2x60x1.6878x111)

S_

= = 2638
2x32i7(

The altitude gain is calculated from the climb gradient term:
Y =8, xTAN(ASIN(G))=123.2

Note that the track distance and altitude gain above are added to the previous step, these
numbers by themselves are not the cumulative distance and altitude.

For the remainder of the climb up to 10,000 ft MSL, the airspeed is held constant at 111
indicated kts, but the true airspeed increases as the relationship:

KTAS = KCAS/o 3)
where o is the density ratio at the particular altitude. Tables of density ratios can be
found in most aeronautical textbooks, or in manufacturers’ data®. Figure 5, the time and

distance to climb chart, shows the actual track distance and altitude relationship for the
remainder of the climb up to the standard INM end-of-track altitude of 10,000 ft AGL.
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Figure 5. PA-31 time and distance to climb chart

APP Points
The APP data starts at the INM standard APP altitude of 6,000 ft AGL, and assumes a

standard three-degree glideslope. The glideslope determines the track distance from the
touchdown point, with the touchdown point given by the chart shown in Figure 6.
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Figure 6. PA-31 landing distances

The airspeeds used in the APP come from the Handbook. The APP procedure starts at
173 kts indicated airspeed; this corresponds to a transition from LFO, at a ‘best economy’
65 percent power setting at ISA conditions at 5,000 ft MSL, as found on page 5-28 of the
Handbook. At 1,500 ft AGL, the aircraft slows to the flap extension speed of 162 kts. At
1,000 ft AGL, the aircraft’s airspeed is 147 KIAS, which is the average of the Flaps 25
and Flaps 40 airspeed. At 500 ft AGL, the aircraft carries full flaps (Flaps 40) and has

slowed to 132 KIAS. Over the threshold at 50 ft, the PA-31 flies at 95 KIAS down to the
touchdown point.
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Modeling DEPs and APPs in the INM

Appendix A contains the aircraft characteristic page from the INM data request form and
the profile points based on the procedures described above. Note that the Handbook
gives all airspeeds in indicated kts, but the INM uses true airspeed; the speeds listed in
Appendix A are true airspeed.

If you have any questions on the information in this report, please contact me via
telephone at 781.721.4824 or via e-mail at dsenzig@senzig.com.

Sincerely,

Senzig Engineering

Vi

David Senzig, PE
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INM Data Request form with Piper Navajo information

Below are the profile points that can be entered into the INM’s pro pts.dbf file. The
following sheet contains the first page of the INM data request form. This page has
information that can be translated directly to the aircraft.dbf file in the INM. The other
pages of the data request form are specific to procedure step data and so are not included

here.

Table A-1. Standard PA-31 DEP profile points
(maximum gross takeoff weight = 7,000 Ib).

Step| distance (ft) | Alt (ft) | Speed (kts) | Power (RPM)
1 0.0 0.0 32.0 2500
2 1750.0 0.0 85.0 2500
3 2800.0 50.0 95.1 2500
4 5438.5 182.2 111.3 2500
5 18228.3 1500.0 113.5 2400
6 36456.7 3000.0 116.0 2400
7 60761.2 5500.0 120.5 2400
8 97217.8 7500.0 124.2 2400
9 136712.6 10000.0 129.2 2400

Table A-2. Standard PA-31APP profile points
(maximum gross landing weight = 7,000 1b).

Step| distance (ft) | Alt (ft) | Speed (kts) [Power (RPM)
1 -113611.8 6000.0 189.2 2400
2 -27746.7 1500.0 165.6 2400
3 -18206.1 1000.0 149.2 2350
4 -8665.6 500.0 133.0 2350
5 0.0 0.0 95.1 2350
6 875.0 0.0 95.0 2350
7 1850.0 0.0 10.0 1000
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INM Database Request Form

The following describes the performance and noise data required for aircraft to be included
in the FAA’s INM database.

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table A-3. INM PA-31 Fitchburg study reference conditions.

. 4 m/s (8 kt) headwind, constant with
Wind .
height above ground
Runway elevation Mean Sea Level (MSL)
Runway gradient None
Air temperature 15°C (59°F)
Aircraft gross takeoff weight 5,950 1b
Aircraft landing weight 6,300 Ib
Number of engines supplying
All
thrust
Atmosphere International Sz?;ldAE;rd Atmosphere

2. AIRCRAFT AND ENGINE DATA

Where there are variations in certification weights and engine thrusts for a given model,
provide data for the heaviest aircraft in terms of maximum gross takeoft weight in the model
classification.
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Table A-4. PA-31 INM aircraft characteristics.

Aircraft model

Piper Navajo Chieftain PA-31-350

Engine model

Lycoming TIO-540-J2BD

Number of engines 2
Engine type (jet, turboprop, piston) piston
Noise stage number (2, 3, 4) -
Maximum static thrust (Ib/engine) 1481
Automated thrust restoration (yes, 1o
no)
Weight class (small, large, heavy) small
Maximum gross takeoff weight (Ib) 7,000
Maximum gross landing weight 7,000
(Ib)
Maximum landing distance (ft) 1,850

A-25




A.1.3 Piper Warrior PA-28-161

June 2, 2003
Gregg Fleming

John A. Volpe National Transportation Systems Center
55 Broadway

Kendall Square

Cambridge, Massachusetts

Re: Piper Warrior data for the Integrated Noise Model
Dear Mr. Fleming,

On April 29 and May 6, 2002 the Volpe National Transportation Systems Center (Volpe)
and the Federal Aviation Administration (FAA) conducted a series of studies with a Piper
PA-28 Warrior (PA-28) at Fitchburg Municipal Airport in Massachusetts. The study was
conducted with the goal of determining reference noise and performance data for the
FAA’s Integrated Noise Model (INM) in support of the Air Tour Management Plan
(ATMP). This letter report describes the methods and documents the information sources
used to generate the INM performance data. As part of the same test, four other propeller-
driven aircraft were tested: a Piper PA-30 Twin Comanche, a Piper PA-31-350 Navajo
Chieftain, a Raytheon Beech 1900D, and a Maule M-7-235C. The INM performance
data developed for these aircraft are contained in separate letter reports.

Developers of INM performance data can use either procedure steps or profile points to
define the performance of the aircraft. Procedure steps allow the modeled aircraft
performance to account for variations in weather, particularly temperature, or field
elevation. SAE-AIR-1845' defines the relationship of weather and field elevation to
aircraft performance. With profile points, the developer provides the exact altitude,
airspeeds and thrust settings for a given track distance; these do not change as weather
and airport elevation changes. Both the method of generating these profile points and the
method of determining the coefficients in the procedure steps rely on well-known
aerodynamic and aircraft performance relationships”.

Empirical data has shown that net adjusted thrust may not correlate with the noise
produced by the aircraft as well as other power parameters (e.g. horsepower, or propeller
speed). In the case of the PA-28, engine RPM may better predict noise than thrust (or
horsepower). Figure 1 below shows the Sound Exposure Levels (SEL) recorded during
the study as a function of RPM. Note that the 600, 700, and 800 series represent APPs
and therefore comprise a different family of curves than the other series, which represent
either takeoffs or LFOs. While Figure 1 below shows that RPM appears to correlate well
with SEL, this report does not present similar graphics for thrust and horsepower, which
may also correlate with noise. Horsepower for the PA-28 can be approximated from the
Piper engine performance chart shown in Figure 2 from The Piper Warrior II Pilot’s
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Information Manual (the Manual)’. While not explicitly stated on the chart itself, Figure
2 best represents LFO conditions, not DEPs or arrivals. For example, an aircraft in a
shallow dive can easily operate at the highest RPM given on the chart (2,700 RPM) with
a partially closed throttle. The partially closed throttle translates to a lower-than-standard
manifold pressure in the engine induction system, and therefore a lower-than-rated
horsepower, but the chart indicates, incorrectly, that the engine is operating at the rated
horsepower. For this reason, horsepower was not used. Similarly, because the INM’s
thrust calculation contains horsepower as an independent variable, thrust also cannot be
accurately calculated from the data available. Given that thrust could not be accurately
calculated, procedure steps could not be used, and the PA-28 performance was therefore
modeled with profile points.

PA-28 Power parameter-RPM

80
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65 - -

60 -

55 ¥ X
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Engine RPM
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¢
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+ 700 Series X 800 Series 0 900 Series

Figure 1. PA-28 noise as a function of engine RPM

The remainder of this letter report contains the information sources and data used to
determine the profile points of the PA-28 for DEPs and APPs. The report contains
sufficient information and references to the original sources so that future developers can
create additional points profiles, both DEPs and APPs, as required. The profile points
and INM aircraft characteristics are presented in Appendix A.

The basic characteristics of the PA-28 are listed in Table 1.
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Table 1. PA-28 aircraft characteristics.

Piper Warrior PA-28-161
Max Takeoff weight 2,325 1b
Engine (1) Lycoming O-320-D3G
Propeller (1) Sensenich 74DM6-0-60

The actual study conditions are given in Table 2 below. Note that the altitudes listed in
Table 2 are Mean Sea Level (MSL), not Above Ground Level (AGL).

SECTION § PIPER AIRCRAFT CORPORATION ]
PERFORMANCE : PA-28-161, CHEROKEE WARRIOR II
1 ! L 1 LTI T T T ENGINE PERFORMANCE - ]
' FUEL FLOW GALLOKS PER HOUK _ g r”p e WOTURE PER LYCOMING -] ]
S [ POWIR  %PINER ECONIMY— INSTRUCTIONS GRUSS WEIGHT. 2325 L8
(W B 4w 73  WHEEL FAIRINGS INSTALLED T T | 11
B% & 100 5% 8.5 L]
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4 A SAT IR 0%
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-2'0 " r 2'n " 4o e RPM

OUTSIDE AIR TEMP.

Example:
Cruise pressure altitude: 5000 ft.
Cruise OAT: 60°F
Cruise power: 75%
Engine RPM: 2620

ENGINE PERFORMANCE (SERIAL NOS. 28-7816001 AND UP)
Figure 5-10

: VB- ISSUED: DECEMBER 16, 1976
;z-llzgom-. VB850 REVISED: JULY 11, 1977

Figure 2. PA-28 engine performance chart
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Table 2. PA-28 Fitchburg study conditions.

Flight Condition (‘f‘tftl‘\tqus‘if) (()o‘;)T RPM | KTAS
Normal LFO 3000 ft (100 Serics) 3288 57 | 2500 | 104
DEP 3000 ft (200) 3020 53 | 2550 | 89
Normal LFO 500 fi (300) 785 50 | 2467 | 107
Tour LFO 500 fi (400) 883 36 | 2150 | ol
DEP 500 ft (500) 771 36 | 2442 | 80
Flaps up APP 500 ft (600) 892 45 | 1800 | 95
Flaps 10 APP 500 ft (700) 837 35 | 1600 | 85
Flaps 25 APP 500 ft (300) 924 34 [ 1500 | 75
Acceleration 500 ft (900) 819 65 | 2600 | 100

DEP Points

The PA-28 standard DEP profile points are based on the information found in the
Manual. The takeoff ground roll of 1,000 ft and the rotation airspeed of 50 kts are given
in the Manual on page 5-13. The initial rate of climb is given on page 5-19 as 710 ft per
minute. The speed at the 50 ft obstacle clearance point is 55 kts at a distance from brake
release of 1,750 ft, according to the Manual chart on page 5-14.

The best climb speed (V) is established after takeoff up to an altitude of 1,500 ft AGL.
After this, the en route climb speed of 87 kts is used for the remainder of the climb to
10,000 ft AGL. The track distance for the climb is given by the data found in the “Fuel,
Time and Distance to Climb” chart found on page 5-20 of the Manual.

The usage of the above charts is presented in more detail in the PA-31 letter report that is
part of the Fitchburg study documentation.

APP Points

The APP data starts at the INM standard APP altitude of 6,000 ft AGL, and assumes a
standard three-degree glideslope. The glideslope determines the track distance from the
touchdown point.

The airspeeds used in the APP come from the Manual. The APP procedure starts at 126
kts indicated airspeed (page 4-5); this corresponds to a transition from LFO. At 1,500 ft
the aircraft slows past the flap extension speed of 103 KIAS to 95 KIAS; this speed was
confirmed in the study. At 1,000 ft AGL, the aircraft’s airspeed is 85 KIAS, which is the
Flaps 10 airspeed of the study. At 500 ft AGL, the aircraft carries Flaps 40 and has
slowed to 70 KIAS as recommended on page 4-14 of the Manual. Over the threshold at
50 ft, the PA-28 flies at 63 KIAS down to the touchdown point. Ground roll is given in
the chart on page 5-32 of the Manual.

Modeling DEPs and APPs in the INM

Appendix A contains the aircraft characteristic page from the INM data request form and
the profile points based on the procedures described above. Note that the Handbook
gives all airspeeds in indicated kts, but the INM uses true airspeed; the speeds listed in
Appendix A are true airspeed.
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If you have any questions on the information in this report, please contact me via
telephone at 781.721.4824 or via e-mail at dsenzig@senzig.com.

Sincerely,

SENZIG ENGINEERING

Vi

David Senzig, PE
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INM Data Request form with Piper Warrior information

Below are the profile points that can be entered into the INM’s pr o_pt s. dbf file. The
following sheet contains the first page of the INM data request form. This page has
information that can be translated directly to the ai r cr af t . dbf file in the INM. The
other pages of the data request form are specific to procedure step data and so are not
included here.

Table A-1. Standard PA-28 DEP profile points
(maximum gross takeoff weight = 2,325 1b).

StepDistance (ft)| Alt (ft) Speed (kts) | Power (RPM)
1 0.0 0.0 32.0 2500
2 1000.0 0.0 50.0 2500
3 1750.0 50.0 55.0 2500
4 4653.2 179.0 79.2 2500
5 21266.4 1500.0 80.8 2500
6 41317.6 3000.0 82.6 2500
7 88103.7 5500.0 85.8 2500
8 | 127598.4 7500.0 88.4 2500
9 | 203549.9 10000.0 91.9 2500

Table A-2. Standard PA-28 APP profile points
(maximum gross landing weight = 2,325 1b).

Step |Distance (ft)| Alt (ft) | Speed (kts) | Power (RPM)
1 -114486.8 | 6000.0 137.8 1800
2 -28621.7 | 1500.0 97.1 1800
3 -19081.1 | 1000.0 86.3 1600
4 -9540.6 500.0 70.5 1600
5 0.0 0.0 63.0 1500
6 520.0 0.0 63.0 1500
7 1110.0 0.0 10.0 1000

INM Database Request Form

The following describes the performance and noise data required for aircraft to be included
in the FAA’s INM database.

A-31



1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table A-3. PA-28 INM reference conditions.

. 4 m/s (8 kt) headwind, constant with
Wind .
height above ground
Runway elevation Mean Sea Level (MSL)
Runway gradient None
Air temperature 15°C (59°F)
Aircraft gross takeoff weight 1,976 1b
Aircraft landing weight 2,093 Ib
Number of engines supplying
All
thrust
Atmosphere International Sguslia)rd Atmosphere

2. AIRCRAFT AND ENGINE DATA
Where there are variations in certification weights and engine thrusts for a given model,
provide data for the heaviest aircraft in terms of maximum gross takeoft weight in the model

classification.

Table A-4. PA-28 INM aircraft and engine characteristics.

Aircraft model Piper Warrior PA-28-161
Engine model Lycoming O-320-D3G
Number of engines 1
Engine type (jet, turboprop, piston) piston
Noise stage number (2, 3, 4) -
Maximum static thrust (Ib/engine) 400
Automated thrust restoration (yes, no) no
Weight class (small, large, heavy) small
Maximum gross takeoff weight (Ib) 2,325
Maximum gross landing weight (Ib) 2,325
Maximum landing distance (ft) 1,695
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A.1.4 Beech 1900D

June 3, 2003
Gregg Fleming
Division Chief, Environmental Measurement and Modeling

John A. Volpe National Transportation Systems Center
55 Broadway
Cambridge, Massachusetts

Re: Raytheon Beech 1900D data for the Integrated Noise Model
Dear Mr. Fleming,

On April 30, 2002 the Volpe National Transportation Systems Center (Volpe) and the
Federal Aviation Administration (FAA) conducted a study with a Raytheon Beech 1900D
Airliner (1900D) at Fitchburg Municipal Airport in Massachusetts. These organizations
conducted the study with the goal of determining reference noise and performance data
for the FAA’s Integrated Noise Model (INM). This letter report describes the methods
and documents the information sources used to generate the INM performance data. As
part of the same test, Volpe and FAA tested four other propeller-driven aircraft: a Piper
PA-28 Warrior, a Piper PA-30 Twin Comanche, a Piper PA-31-350 Navajo Chieftain,
and a Maule M-7-235C. Separate letter reports contain the INM performance data
developed for these aircraft.

INM performance data are divided into thrust parameters and aerodynamic parameters’.
The first Section of this report discusses the 1900D thrust parameters and their sources.
The second Section discusses the 1900D aerodynamic parameters and their sources. The
report concludes with a discussion of how these parameters are used in the INM to model
DEP and APP performance of the 1900D. The method of determining the coefficients in
the procedure steps rely on well known aerodynamic and aircraft performance
relationships’.

The basic characteristics of the 1900D are listed in Table 1 below:

Table 1. 1900D aircraft characteristics.

Raytheon Beech 1900D Airliner
Max Takeoff weight 17,120 1b
Engines (2) Pratt & Whitney Canada PT6A-67D
Propellers (2) Hartzell E10950PK
Thrust Coefficients

For turboprop aircraft using procedure steps, the INM calculates the net adjusted thrust at
each segment from the following equation:
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£=E+FV+GAh+GBh2+HTC
5

where

is the net thrust in pounds

is the non-dimensional pressure ratio

is a coefficient representing static thrust
is a coefficient representing change in thrust as a function of airspeed

are coefficients representing change in thrust as a second order function of
altitude
is a coefficient representing change in thrust as a function of temperature
is the calibrated airspeed in kts
is the pressure altitude in ft above Mean Sea Level
and T¢ is the temperature in degrees Centigrade at the aircraft’s altitude

(1

Staff at Raytheon Aircraft Company provided the following tabular data to assist in the
determination of the thrust coefficients. The numerical series data found in the upper half
of half of Table 2 represent conditions at the Fitchburg study, the INMTX and INMCX
data in the lower half of Table 2 represent conditions used to calculate the INM thrust
coefficients.

In addition, Table 2 below lists the study conditions and operational parameters recorded
during the study. These values represent averages over the particular study series. Note
that the altitudes listed in Table 2 are Mean Sea Level (MSL), not Above Ground Level
(AGL), since MSL altitudes are required for the performance calculations that follow.

Table 2. 1900D thrust and study performance data.

Torque | Power
) Al IOAT Propeller per per Prop Thr'ust Jet Thl‘l'lSt Total
Series Power KIAS RPM . . Per Engine per Engine | Thrust per
(ft) (F) (per input) | Engine | Engine (Ibf) (Ibf) Engine (Ibf)
per inp (ft-Ib) | (HP) g
100 LFO 3109 40 221 1467 3100 866 1075 32 1107
300 LFO 962 50 225 1470 3033 849 1067 29 1096
500 Climb 1073 48 178 1550 3167 935 1448 56 1504
600 Descent 834 48 160 1557 800 237 351 8 359
800 Descent 918 46 117 1550 800 236 483 20 503
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Table 2. 1900D thrust and study performance data (cont.).

Series | Power I?fltt) T%A)T KTAS l];l]:;\]/J[ 1(‘(;:?1:1; HP T]:1rrouI; ¢ Jet Thrust T"l;lortlzl\; ¢
INMT1| Takeoff 0 59 0 1700 3200 1036 3219 148 3367
INMT2| Takeoff 0 59 160 1700 3200 1036 1744 73 1817
INMT3| Takeoff 0 69 160 1700 3200 1036 1741 73 1814
INMT4| Takeoff 1000 55 160 1700 3200 1036 1740 74 1814
INMC1| Climb 1000 55 160 1470 3100 868 1468 59 1526
INMC2| Climb 1000 65 160 1470 3100 868 1464 59 1522
INMC3| Climb 1000 55 200 1470 3100 868 1217 41 1258
INMC4| Climb 3000 48 160 1470 3100 868 1453 60 1513
INMC5| Climb 5000 41 160 1470 3100 868 1437 61 1498

The data in the lower half of Table 2 provides enough information to calculate the INM
thrust coefficients; with the INMTX series used for the MaxTakeoff thrust coefficients
and the INMCJX series used for the MaxClimb thrust coefficients.

Thrust coefficients for MaxTakeoff conditions

We first calculate the H coefficient in the INM thrust equation from the INMT3 and
INMT?2 series data. The difference in temperature is 10 degrees Fahrenheit or 5.6 degrees
Centigrade. The difference in thrust for these two series is 1,814 Ib — 1,817 1b or -3 1b of
thrust. The H coefficient is therefore H =-3/5.6=-0.5041b/C.

Given that we know H, we can now calculate the static thrust coefficient E. The thrust
equation reduces to the following during static conditions at Sea Level:

F=E+H(15°C) 2)

For the conditions of the first equation, the static equation can be solved for E, the only
unknown, with the thrust from the INMT]1 series data.

E=F—-H(15°C)=3367+0.504(15)=33751/b

By similar means of substitution from the INMT2 and INMT4 series, the values F and G4
can be found to be —9.687 lb/knot and —0.00462 Ib/foot, respectively. Note that Gp is
zero, since the second order effects of altitude are small between zero and 1,500 ft AGL,
where the aircraft operates under MaxTakeoff conditions.

Thrust coefficients for MaxClimb conditions

The coefficients of MaxClimb condition are found using a slightly different APP for
some of the coefficients. We first determine the temperature coefficient A in the same
manner as we did with the MaxTakeoff condition. We use the INMC1 and INMC?2 series;
the difference in thrust for these two series is 1,522 1b — 1,526 1b or —4 1b of thrust, and
the change in temperature is again 5.6 degrees Centigrade. The H coefficient is therefore

H=-4/5.6=-0.720/b/C .
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The velocity coefficient is found in a similar manner using the INMC1 and INMC3
series; the difference in thrust for these two series is 1,258 Ib — 1,526 Ib or —268 Ib of
thrust, and the change in true airspeed is 40 kts. The H coefficient is therefore

F =-268 Ib/40 knot =—-6.70751b/ knot

Unlike the MaxTakeoff condition, the MaxClimb £ coefficient can’t be calculated at a
static condition, since the aircraft would not normally be at climb power on the ground.
The data provided by Raytheon is sufficient to simultaneously calculate a solution of
three unknowns, E, G4, and Gp, given the three independent equations from INMCI,
INMC4 and INMCS5. The form of the system of equations is

a, a, a;| E b,
a, 4y, ay||G,|=|b, (3)
ay, Ay ay || Gy b,

Where the @ and b elements of the matrices are determined from the independent
equations. The actual values used in solving for the three unknowns are:

1 1x10° 1x10° [ E ] [2539
1 3x10° 9x10° | G, |=]|2523
1 1x10* 1x10° |G, | |2505

Solving for the three unknowns yields:

E =254881b
G4 =-0.0104 1b/ft
Gz =6.03x107 Ib/ft?

Aerodynamic Coefficients

This letter report contains the information sources and data used to determine the
procedure steps of the 1900D for DEPs and APPs. The report contains enough
information so that later developers can create additional points profiles, both DEPs and
APPs, as required.

DEP Points
The Pilot’s Operating Handbook® (the Handbook) contains the majority of the
information required to generate the profile points. The Handbook contains performance

charts and operational descriptions to aid in calculating all the information needed by the
INM.

The calculation of the flap coefficients are similar to that described in the other letter
reports, and so is not repeated here. Unlike those aircraft, however, the B1900D routinely
flies farther than the 500 nautical mile stage length 1 used for the Piper Warrior, Twin
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Comanche, and Navajo. This Section describes the process of establishing the stage
lengths and their corresponding weights.

Determining stage length

The maximum take-off weight, maximum usable fuel, fuel burn rates, and cruising
speeds determine the maximum distance the aircraft can fly. The maximum usable fuel is
the initial maximum usage fuel in the tanks at push-back from the gate (4,458 1b), less the
following amounts:

fuel required for taxi and take-off (110 1b)

fuel required to reach cruise altitude (200 1b)

fuel required to descend from cruise altitude (200 1b)

fuel required to meet FAA 45 minute IFR reserve requirements (572 1b)

Accounting for these four requirements leaves 3,376 pounds of fuel to fly the mission.
The aircraft cruises at 256 kts true airspeed while burning 381 Ib/hour/engine at 20,000
MSL at an intermediate power setting of 1,550 RPM. The aircraft can cruise for
3,376/(2*381) = 4.43 hours and travel 256 kts*4.43 hours = 1,134 nautical miles (nmi).
This approximately 1,000 nautical mile range corresponds to an INM stage length of 2,
and assumes the aircraft is operating at its maximum take-off weight of 16,950 1b.

For the INM stage length of 1, or 500 nmi, we note that the aircraft flies 500 nmi less
than in its stage length 2 configuration. Flying these 500 nmi takes 500 nmi/256 kts= 1.95
hours, during which time the aircraft burns 1.95*%2*381 = 1,488 pounds of fuel. The
stage length 1 weight is therefore 16,950 — 1,488 = 15,500 Ib.

APP Points

The APP data starts at the INM standard APP altitude of 6,000 ft AGL, and assumes a
standard three degree glideslope. The glideslope determines the track distance from the
touchdown point, with the touchdown point given by the chart shown in Figure 6.

The airspeeds used in the APP come from the Manual. The APP procedure starts at 160
kts indicated airspeed; this corresponds to the average of the flaps-up/gear-up indicated
airspeeds during the 600 series descent study. This speed and configuration is maintained
from 6,000 ft AGL to 1,500 ft, where the study in the intermediate configuration had an
indicated airspeed of 146 kts. At 1,000 ft AGL, the flaps are set to 35 degrees and the
landing gear are extended. The airspeed at this point is 118 kts. The landing rollout speed
of 84 kts comes from the landing configuration stall speed listed in Jane’s'". The landing
distance is calculated from information in the Manual.

Modeling DEPs and APPs in the INM
Appendix A contains the INM data request form and the procedure steps based on the
operational methods described above.

If you have any questions on the information in this report, please contact me via
telephone at 781.721.4824 or via e-mail at dsenzig@senzig.com. [ gratefully
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acknowledge the assistance of Henry Wurster of Champlain Enterprises for the help he
provided on this Project, both his airmanship during the study and his support of this
analysis.

Sincerely,

SENZIG ENGINEERING

Vi

David Senzig, PE
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INM Data Request form with Beech 1900D information

The following describes the performance and noise data required for aircraft to be included
in the FAA’s INM database.

1. REFERENCE CONDITIONS FOR PERFORMANCE DATA

Table A-1. 1900D INM reference conditions.

. 4 m/s (8 kt) headwind, constant with
Wind .
height above ground
Runway elevation Mean Sea Level (MSL)
Runway gradient None
Air temperature 15°C (59°F)
Aircraft gross takeoff weight 14,408 1b
Aircraft landing weight 14,940 1b
Number of engines supplying
All
thrust
Atmosphere International Standard Atmosphere (ISA)

2. AIRCRAFT AND ENGINE DATA

Where there are variations in certification weights and engine thrusts for a given model,
provide data for the heaviest aircraft in terms of maximum gross takeoft weight in the model
classification.
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Table A-2. 1900D INM aircraft and engine characteristics.

Aircraft model Raytheon Beech 1900D
Engine model Pratt &P\;féitflg:;/DCanada
Number of engines 2
Engine type (jet, turboprop, piston) turboprop
Noise stage number (2, 3, 4) -
Maximum static thrust (Ib/engine) 3,367
Automated thrust restoration (yes, no) no
Weight class (small, large, heavy) small
Maximum gross takeoff weight (Ib) 16,950
Maximum gross landing weight (Ib) 16,600
Maximum landing distance (ft) 2,720
Takeoff Weights
Stage number Trip length (nmi) Weight (Ib)
1 0-500 15,500
2 500-1000 16,950

Takeoff weights should be developed so as to increase with an increase in mission trip
length. Weight assumptions should use industry planning assumptions for load factor,
average passenger weight, excess cargo beyond passenger weight, and fuel required to
complete mission trip length.

3. AERODYNAMIC COEFFICIENTS

Aerodynamic coefficients for use with the SAE AIR 1845 equations are required for
available flap settings. The flap settings may be identified in degrees and abbreviations.
Please provide data for all flap settings specified in Sections 5 and 6.
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Table A-3. 1900D INM aerodynamic and flaps coefficients.

Flap Configuration Op:;atl Gear Takeoff | Takeoff Land Drag/Lift
Identifier (A, D)' B (ft/Ib) | C (kt/\Ib) | D (kt/NIb) R
17-D D down 060076 | 0.858496 0.072968
D down
Zero-D D Up 2 0.094383
D up
D up
Zero-A A up 0.106643
A up
35-A A down 0.915858 | 0.130495
A down
A down

" A = Approach, D = Depart

? Not applicable

4. ENGINE COEFFICIENTS
For jet aircraft, engine coefficients in accordance with SAE AIR 1845 equations are
required for maximum takeoff, maximum climb, and general thrust in terms of EPR or NI.
The Max-Takeoff coefficients should be valid to 6,000 ft MSL, the Max-Climb and General
Thrust coefficients should be valid to 16,000 ft MSL. This is necessary so that the INM
accurately models operations at high altitude airports such as Denver and Salt Lake City.

In addition, high temperature coefficients are required for operations above the thrust break
temperature. INM uses the Max-Takeoff and Max-Climb coefficients below the breakpoint

temperature and uses the Hi-Temp coefficients above the breakpoint temperature.

The

breakpoint temperature is at the intersection of the two curves. An example of Max-Takeoff
and Hi-Temp Max-Takeoff curves is shown in Figure 1.

A-41




Table A-4. 1900D INM thrust coefficients.

Thrust Type E F Ga sz I_E
(Ib) (Ib/kt) (Ib/ft) (Ib/ft") (Ib/°C)
Max-Takeoff 3374.6 -9.6869 -0.0046 0 -0.504
Hi-Temp Max-Takeoff
Max-Climb 2548.8 -6.7075 -0.0140 0 -0.720
Hi-Temp Max-Climb
General Thrust
Hi-Temp General Thrust
Kla K1b K2 K3
(IL/EPR) | (Ib/EPRY) or Ib/(N1/V0) | Ib/(N1/NO)
General Thrust
Hi-Temp General Thrust

5. DEP PROCEDURES
DEP procedures consist of a takeoff segment, and a combination of climb and acceleration
segments up to an altitude of 10,000 ft AFE. A climb segment is defined by its endpoint
altitude. An acceleration segment is defined by its rate-of-climb and the calibrated airspeed
at its endpoint. The flap settings are indicated for endpoints of segments. These flap settings
should coincide with those given in Section 3 above. Please provide procedural data for
each stage length given in Section 2 above.

Repeat table for each takeoff stage number (takeoff weight) listed in Section 2.

Stage
Number
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Table A-5. 1900D Stage 1 INM DEP procedure.

Segment Thruszt Flap . End-point Rat.e-of- Endpoint Start )
Type! Type Conﬁglfratgon Altitude CllnTb Speed Thrust

(T/C) Identifier (ft AFE) (ft/min) (KCAS) (Ib)
Takeoff T 17-D 3400
Climb T 17-D 400 2400
Accelerate T 17-D 2750 128 2100
Accelerate C Zero-D 2950 138 1700
Climb C Zero-D 3000 1600
Accelerate C Zero-D 1500 160 1400
Climb C Zero-D 5500 1400
Climb C Zero-D 7500 1400
Climb C Zero-D 10000 1300

' Add, delete, and sequence the segments as necessary to represent a takeoff procedure
2 T = Max-Takeoff, C = Max-Climb, as defined in Section 4
3 Use the identifiers in Section 3
* These data are used to compare to INM-computed thrust values

Repeat table for each takeoff stage number (takeoff weight) listed in Section 2.

Stage
Number
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Table A-6. 1900D Stage 2 INM DEP procedure.

Segment Thruszt Flap . End-point Rat.e-of- Endpoint Start )
Type! Type Conﬁglfratgon Altitude CllnTb Speed Thrust

(T/C) Identifier (ft AFE) (ft/min) (KCAS) (Ib)
Takeoff T 17-D 3400
Climb T 17-D 400 2300
Accelerate T 17-D 2400 128 2100
Accelerate C Zero-D 2650 138 1600
Climb C Zero-D 3000 1600
Accelerate C Zero-D 1500 160 1400
Climb C Zero-D 5500 1400
Climb C Zero-D 7500 1400
Climb C Zero-D 10000 1300

' Add, delete, and sequence the segments as necessary to represent a takeoff procedure
2 T = Max-Takeoff, C = Max-Climb, as defined in Section 4
3 Use the identifiers in Section 3
* These data are used to compare to INM-computed thrust values

6. APP PROCEDURES
A landing profile should be calculated for a starting altitude of 6,000 ft above field elevation
(AFE). The flap settings should coincide with those given in Section 3 above.

Landing weight
(Ib) 14,940
Stopping distance
(ft) 1,696
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Table A-7. 1900D INM APP procedure.

Plfo.ﬁle Operation Altitude ]?rl(s)tl?cnhcgofvl::ln Sslfzgl Flap C Start Thrust’
oint (ft AFE) (ft) (KTAS) Configuration (Ib)
1 Descend 6000 -114487 160 Zero-A 520
2 Descend 3000 -57243 160 Zero-A 465
3 Descend 1500 -28622 146 Zero-A 440
4 Descend 1000 -19081 118 35-A 620
5 Land 0 300 1184 35-A 590
6 RTthIer:f 0 1696 84 35-A 340
7 Start Taxi 0 1706 10 35-A 340

' Glide slope is 3.0 degrees

? Use identifiers in Section 3
? These data are used to compare to INM-computed thrust values
* Landing speed is for reference only; INM calculates landing speed using the D coefficient
(Section 3) and landing weight
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A2 Other Aircraft

A.2.1 Maule M-7-235C

As discussed in Section 6.1.3 above, weather conditions resulted in only two
measurement series being completed for the Maule M-7-235C. Users may analyze the
available Maule performance data by creating a user-defined aircraft in the INM and
utilizing the 300 Series and 400 Series NPD data provided for the Maule in Appendix E.
Only LFOs may be modeled with these data; accordingly, APP and DEP distance and
altitude information are not presented. The user may choose the speed and power metric
to associate with the NPDs. In the case of the Maule, the user may want to associate
RPM with the 300 and 400 Series NPDs. Speed data for the Maule are presented in
Appendix D. RPM data for the Maule are presented in Table A-1.

Table A-1. Maule M-7-235C RPM power metrics.

Event RPM
310 2,300
320 2,300
330 2,300
411 2,000

A.2.2 Eurocopter EC-130

A database file containing helicopter NPD data was distributed with INM Version 6.0c to
facilitate simplified, uniform modeling of helicopter operations in INM. Consistent with
this approach, a database file containing NPD data has been developed for the EC-130
and included in Appendix G. EC-130 performance data in Section 2.6 may be used to
model the helicopter in INM. Distance, altitude, and speed data for the EC-130 are
presented in Appendix D.

A.2.3 Robinson R-22

Similar to the EC-130, a database file containing NPD data has been developed for the R-
22 and included in Appendix G. R-22 performance data in Section 2.7 may be used to
model the helicopter in INM. Distance, altitude, and speed data for the R-22 are
presented in Appendix D.
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APPENDIX B: FITCHBURG STUDY LIST OF SERVICE CONTACTS

Each of the service providers crucial to the success of the Fitchburg Study are listed with

their contact information in Table B-1.

John Payson, pilot of the Maule M-7-235C,

volunteered the use of his craft and time; his contact information has been omitted.

Table B-1. Study list of contacts.
Service Telephone . .
Provided Company Address Contact Number Email Website
Airport Fitchburg | 567 Airport Rd. David | (978)345- .
Runwa; Municipal Fitchburg, MA Bouvier 9580 fitairport@wn.net www.fitchburgairport.com
. . gairport.
Y Airport 01420
Study .
Design, Senzig | 289 Highland Ave. | = py iy 1 (781) 721- . . .
. . Winchester, MA . dsenzig(@senzig.com WWW.Senzig.com
INM Engineering Senzig 4824
. 01890
Analysis
Maule M- John
7-235C NA NA N NA NA NA
. Payson
airplane
Piper Twin Alan
Comanche Emerson 65 Aviation Dr. David (603) 293- NA emersonaviation.com
PA-30 Aviation | Gilford, NH 03246 | Emerson 7980 . ——
airplane Inc.
Piper
Navajo . 375 Airport Dr.
Chieftain Ea%rlle Alr Worcester, MA 20?(% (8828‘2 59393_ sales@eagleaircharter.com www.eagleaircharter.com
PA-31-350 < 01602 ©
airplane
Piper Beverly Airport
Warrior Blfl\i/elrllty Westside Arnie (978) 774- info@beverlyflightcenter.com beverlyflightcenter.com
PA-28-161 8 Danvers, MA Nordheim 7755 i * L beveriy e *
. Center
airplane 01923
Beech 518 Rugar St.
1900D Commutair Plattsburgh, NY Henry (518) 562- hwurster@commutair.com Www.commutair.com
. Waurster 2700
airplane 12901
Eurocopter Liberty
. PO Box 1338 Ken (908) 474- . . . .
- . (@ ! pters. . .
EC 130 Helicopter Linden, NJ 07036 Testa 9300 testak@libertyhelicopters.com | www.libertyhelicopters.com
helicopter Inc
Robinson
R-22 No.rthern NA Jenny (781) 760- NA www.northernlightsheli.com
. Lights Bruce 4720
helicopter
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APPENDIX C: METEOROLOGICAL DATA

This appendix presents the test day meteorological data used in the processing of all
acoustic data. As noted in Section 3.4, temperature, relative humidity, wind speed, wind
direction, and barometric pressure data were collected. Temperature in degrees
Fahrenheit and relative humidity in percent, taken at the aircraft’s overhead time of day,
are presented for each event in Tables C-1 through C-9.

Changes in outdoor temperature and relative humidity are assumed to be negligible over
short periods of time; accordingly, for the purpose of data processing, temperature and
relative humidity were assumed to be constant over the ten-dB down period of each
aircraft event.

All acoustic data presented herein were analyzed in accordance with wind speed and
direction criteria as specified in FAR 36 (Reference 1). In addition to the overhead
temperature and relative humidity data presented for all measurement events, average
wind speed and direction data are presented for the periods specific to each helicopter
Static Operations event.

C.1  Maule M-7-235C

Table C-1. Maule event meteorological data.

crnts | _ose _rne ooy P

310 8/30/2002 | 10:45:03 67 76
320 8/30/2002 | 11:01:29 67 75
330 8/30/2002 | 11:18:26 69 74
411 8/30/2002 | 11:53:09 69 72

C-1



C.2  Piper Twin Comanche PA-30

Table C-2. PA-30 event meteorological data.

Event # Date [Time of Day| Alr(;l':)mp H(lf,?é?_l')ty
310 4/30/2002 | 9:46:28 44 55
330 4/30/2002 | 9:56:36 45 54
410 4/30/2002 | 10:01:45 45 52
511 4/30/2002 | 10:21:03 47 50
530 4/30/2002 | 10:31:06 46 49
540 4/30/2002 | 10:35:30 47 47
550 4/30/2002 | 10:40:58 46 47
560 4/30/2002 | 10:46:08 47 46
610 4/30/2002 | 10:54:02 49 45
621 4/30/2002 | 11:03:23 49 40
630 4/30/2002 | 11:07:16 49 38
710 4/30/2002 | 11:11:51 47 38
721 4/30/2002 | 11:18:37 49 41
730 4/30/2002 | 11:23:00 52 40
811 4/30/2002 | 11:29:57 51 39
820 4/30/2002 | 11:33:13 49 38
830 4/30/2002 | 11:37:05 51 41
910 4/30/2002 | 11:41:05 49 40
920 4/30/2002 | 11:44:04 49 40
930 4/30/2002 | 11:47:25 49 39

C.3  Piper Navajo Chieftain PA-31-350

Table C-3. PA-31 event meteorological data.

Event# | Date |Time of Day A"(;r:)mp H;f,;:‘égl';y
310 | 4/30/2002 | 13:16:27 51 34
321 | 4/30/2002 | 13:22:45 51 34
330 | 4/30/2002 | 13:26:55 51 36
350 | 4/30/2002 | 16:57:06 47 59
360 | 4/30/2002 | 16:59:46 47 59
410 | 4/30/2002 | 13:30:58 51 36
431 | 4/30/2002 | 13:45:36 50 36
510 | 4/30/2002 | 14:27:30 52 36
520 | 4/30/2002 | 14:32:40 51 35
530 | 4/30/2002 | 14:39:00 51 35
540 | 4/30/2002 | 14:44:05 52 34
550 | 4/30/2002 | 14:49:23 53 35
561 | 4/30/2002 | 14:58:41 51 35
610 | 4/30/2002 | 15:02:46 52 35
620 | 4/30/2002 | 15:06:57 52 36
631 | 4/30/2002 | 15:14:51 53 36
710 | 4/30/2002 | 15:19:07 51 36
721 | 4/30/2002 | 15:28:47 51 37
730 | 4/30/2002 | 15:33:38 52 37
810 | 4/30/2002 | 15:37:42 51 37
831 | 4/30/2002 | 16:39:45 47 57
910 | 4/30/2002 | 16:43:28 47 57
920 | 4/30/2002 | 16:47:05 47 58
930 | 4/30/2002 | 16:50:42 47 58
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C.4  Piper Warrior PA-28-161

Table C-4. PA-28 event meteorological data.

Event # Date ([Time of Day Alr(;l':)mp H(lf,?égl')t y
321 4/29/2002 | 13:06:04 40 81
331 4/29/2002 | 13:15:33 42 82
332 4/29/2002 | 13:20:13 42 81
333 5/6/2002 7:57:09 61 51
334 5/6/2002 8:00:42 63 49
360 5/6/2002 9:30:16 71 34
411 4/29/2002 | 13:32:49 42 80
421 4/29/2002 | 13:43:04 40 82
430 4/29/2002 | 13:48:04 40 82
510 4/29/2002 | 13:52:32 40 82
520 4/29/2002 | 13:57:22 40 84
530 4/29/2002 | 14:02:13 40 83
540 4/29/2002 | 14:06:55 40 83
550 4/29/2002 | 14:09:39 40 84
562 4/29/2002 | 14:21:17 40 84
611 4/29/2002 | 14:28:52 40 84
630 4/29/2002 | 14:35:49 40 85
710 4/29/2002 | 14:39:14 40 85
831 4/29/2002 | 15:04:50 40 85
911 5/6/2002 9:24:23 69 32
921 5/6/2002 9:27:44 71 32
930 4/29/2002 | 15:15:14 39 85
1110 | 8/30/2002 | 15:11:52 77 62
1120 | 8/30/2002 | 15:17:59 76 61
1210 | 8/30/2002 | 15:35:20 78 60
1220 | 8/30/2002 | 15:39:05 79 56
1230 | 8/30/2002 | 15:45:50 79 55
1240 | 8/30/2002 | 15:49:40 79 58

2100 | 8/30/2002 | 15:02:51 78 61
2200 | 8/30/2002 | 15:05:30 77 61
2300 | 8/30/2002 | 15:08:36 76 61
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C.5 Beech 1900D

Table C-5. 1900D event meteorological data.

Event # Date [Time of Day, Alr(;l':)mp H(l.j,/':;?_l')ty
310 5/1/2002 8:10:08 46 61
320 5/1/2002 8:16:26 46 61
330 5/1/2002 8:22:25 46 60
340 5/1/2002 8:26:18 47 60
350 5/1/2002 8:31:09 46 60
510 5/1/2002 8:45:21 46 59
521 5/1/2002 8:54:01 46 58
530 5/1/2002 9:02:17 48 57
610 5/1/2002 9:18:56 48 55
620 5/1/2002 9:25:01 47 54
630 5/1/2002 9:28:45 49 53
710 5/1/2002 9:32:25 48 52
730 5/1/2002 9:40:16 49 53
810 5/1/2002 9:45:14 48 52
830 5/1/2002 9:52:55 48 52
910 5/1/2002 9:57:13 49 51
930 5/1/2002 | 10:04:28 49 51
931 5/1/2002 | 10:08:11 50 50
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C.6  Eurocopter EC-130

Table C-6. EC-130 meteorological data - Dynamic Operations events.

Event # Date Time of Day Alr(;l':)mp H(lf,/':;dHl)t y
120 | 5/7/2002 9:33:55 64 54
121 5/7/2002 9:36:47 64 54
122 | 5/7/2002 9:39:07 65 54
130 | 5/7/2002 9:41:18 65 54
132 | 5/7/2002 9:45:04 65 53
140 | 5/7/2002 9:47:15 66 53
141 5/7/2002 9:49:03 65 53
142 | 5/7/2002 9:50:27 66 53
150 | 5/7/2002 9:52:46 65 54
151 5/7/2002 9:54:13 65 54
152 | 5/7/2002 9:56:16 65 54
160 | 5/7/2002 9:57:54 65 54
162 | 5/7/2002 10:02:47 67 54
163 | 5/7/2002 10:06:01 67 53
180 | 5/7/2002 12:37:35 73 51
181 5/7/2002 12:39:02 73 51
183 | 5/7/2002 12:40:55 74 51
210 | 5/7/2002 10:09:38 68 53
211 5/7/2002 10:12:38 67 53
214 | 5/7/2002 10:19:15 68 52
215 | 5/7/2002 10:21:07 69 52
216 | 5/7/2002 10:22:36 68 52
217 | 5/7/2002 10:24:15 69 52
311 5/7/2002 10:34:43 69 55
313 | 5/7/2002 10:47:38 69 55
314 | 5/7/2002 10:52:10 69 54
320 | 5/7/2002 10:56:31 69 54
321 5/7/2002 11:01:01 70 55
323 | 5/7/2002 11:09:32 70 53
330 | 5/7/2002 11:58:14 71 52
331 5/7/2002 12:01:54 72 52
333 | 5/7/2002 12:09:07 72 52
341 5/7/2002 12:17:07 71 52
342 | 5/7/2002 12:20:04 72 52
343 | 5/7/2002 12:22:41 74 52
344 | 5/7/2002 12:25:35 74 51
350 | 5/7/2002 12:28:52 72 51
351 5/7/2002 12:32:26 73 51
352 | 5/7/2002 12:35:07 73 51

One-second wind speed and wind direction data over the course of the measured Static
Operations HIGE, HOGE, Ground Idle and Flight Idle events have been arithmetically
averaged and included in Tables C-7 and C-9. Average wind direction is measured in
degrees from north (i.e., a wind direction of zero degrees indicates a wind blowing
exactly north).
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Table C-7. EC-130 hover and idle meteorological data - Static Operations events.

. . . ... |Avg. Wind|Avg. Wind

Event # Config. Date T'Qe of | Air ;I': mp Hl:/mégllty Sgpeed Di?ection

ay (F) (%RH) (kts) | (degrees)
410 HIGE 5/7/2002 | 09:04:10 65 52 6.9 226
420 HOGE 5/7/2002 | 09:09:30 62 53 9.6 270
510 Flight Idle | 5/7/2002 09:02:10 64 52 54 231
520 Ground Idle| 5/7/2002 | 09:02:40 65 52 5.8 237

C.7 Robinson R-22

Table C-8. R-22 meteorological data - Dynamic Operations events.

Event # Date Time of Day Alr(z':)mp H(lf,/':;ﬂ)t y
120 5/1/2002 12:07:18 53 45
121 5/1/2002 12:10:49 55 44
122 5/1/2002 12:14:24 53 42
132 5/1/2002 12:24:04 53 43
133 5/1/2002 12:28:50 54 42
134 5/1/2002 12:32:49 54 42
142 5/1/2002 12:44:49 55 41
150 5/1/2002 12:52:07 56 42
151 5/1/2002 12:56:13 55 41
154 5/1/2002 13:07:13 56 41
160 5/1/2002 13:10:21 56 41
162 5/1/2002 13:20:21 56 42
180 5/6/2002 13:01:20 80 25
183 5/6/2002 13:09:50 78 24
184 5/6/2002 13:12:33 79 24
213 5/1/2002 13:38:16 54 42
214 5/1/2002 13:41:58 55 41
217 5/1/2002 13:53:30 57 41
314 5/1/2002 14:30:03 56 41
322 5/6/2002 11:49:27 75 23
323 5/6/2002 11:54:30 75 23
330 5/6/2002 12:01:39 75 23
331 5/6/2002 12:07:58 76 25
332 5/6/2002 12:14:58 76 24
342 5/6/2002 12:42:41 78 25
344 5/6/2002 12:54:49 78 25
350 5/6/2002 13:18:50 79 25
351 5/6/2002 13:22:47 78 25
352 5/6/2002 13:27:34 77 24

Table C-9. R-22 hover and idle meteorological data - Static Operations events.

. . . .. |Avg. Wind|Avg. Wind

Event # Config. Date T'g: of Alr(;l':)mp H(l.l,/";f_llty Sgpeed Di?ection

y °RH) (kts) | (degrees)
410 HIGE 5/6/2002 11:26:00 74 23 12.7 216
420 HOGE 5/6/2002 11:29:43 74 23 8.7 220
510 Flight Idle | 5/6/2002 11:23:05 75 23 9.2 238
520 Ground Idle| 5/6/2002 11:24:30 75 23 4.9 211
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APPENDIX D: TIME-SPACE-POSITION INFORMATION (TSPI)

This appendix presents a summary of the TSPI data used in the processing of the acoustic
data measured for each aircraft event, including overhead time, aircraft test altitude in ft,
test speed in kts, descent angle in degrees, and reference speed in kts. Altitude data
represent instantaneous altitude at the overhead time, whereas groundspeed and descent
angle — the angle at which the aircraft approaches or departs from the ground — represent
an average of data representing the sound level time history 10-dB-down duration. A
diagram of descent angle geometry is presented in Figure D-1.

Positive Descent

Aircraft Altitude at Overhead Angle (Departure)

Horizontal Direction of
——————————————————————————— »  aircraft travel

Initial Aircrafi
Altitude

Negative Descent
Angle (Approach)

Microphone Array Aircraft Altitude at
. Duration End
Z 2\

Distance traveled over 10-dB-
down duration

Figure D-1. Aircraft descent angle geometry

A DEP resulted in a positive descent angle, with the aircraft altitude at duration end
higher than the initial aircraft altitude. An APP resulted in a negative descent angle, with
the aircraft altitude at duration end lower than the initial aircraft altitude.

Data presented in Tables D-1 through D-7 include aircraft-specific test and reference
conditions. For completeness, values of DURapy, used to adjust exposure-based metrics
from these conditions to the 160-kts reference speed required for inclusion in the INM,
are provided in the last column.

D.1  Maule M-7-235C

Table D-1. Maule event TSPI data.

Overhead Test Test Speed Dt;r:cs;nt Reference DUR
Event#| ~ Vo) Altitude P Speed AD)
Time (kts) angle (dB)
(ft) (kts)
(degrees)

310 10:45:03 477 122 0.7 87 2.6
320 11:01:29 468 126 0.3 87 2.6
330 11:18:26 469 123 0.3 87 2.6
411 11:53:09 539 63 0.7 70 3.6
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D.2

D.3

Piper Twin Comanche PA-30

Table D-2. PA-30 event TSPI data.
Test Test Descent |Reference
Event # Ov_?il;:zad Altitude Tes(tk?sp)eed angle Speed D(l:;;‘im
(ft) (degrees) (kts)
310 9:46:28 579 134 0.9 165 -0.1
330 9:56:36 464 149 1.9 165 -0.1
410 10:01:45 492 140 0.7 135 0.7
511 10:21:03 353 83 12.7 97 2.2
530 10:31:06 386 89 9.0 97 2.2
540 10:35:30 424 97 11.2 97 2.2
550 10:40:58 568 88 1.7 97 2.2
560 10:46:08 464 92 13.2 97 2.2
610 10:54:02 269 113 0.3 100 2.0
621 11:03:23 268 119 0.3 100 2.0
630 11:07:16 347 108 -1.1 100 2.0
710 11:11:51 288 98 -1.2 96 2.2
721 11:18:37 268 110 -0.7 96 2.2
730 11:23:00 299 128 -0.9 96 2.2
811 11:29:57 371 93 -1.9 87 2.6
820 11:33:13 248 91 -2.3 87 2.6
830 11:37:05 282 96 -2.0 87 2.6
910 11:41:05 496 118 1.0 97 2.2
920 11:44:04 512 106 3.7 97 2.2
930 11:47:25 491 113 1.2 97 2.2
Piper Navajo Chieftain PA-31-350
Table D-3. PA-31-350 event TSPI data.
Test Test Descent|Reference
Event # Ov_lc_eirr:zad Altitude |Test Speed (kts) angle Speed D(L:jg‘;w

(ft) (degrees) (kts)
310 13:16:27 570 179 -0.2 156 0.1
321 13:22:45 570 177 0.3 156 0.1
330 13:26:55 539 172 0.8 156 0.1
350 16:57:06 526 159 3.5 156 0.1
360 16:59:46 463 174 4.2 156 0.1
410 13:30:58 555 177 0.4 155 0.1
431 13:45:36 563 169 0.2 155 0.1
510 14:27:30 301 116 6.9 105 1.8
520 14:32:40 190 124 6.9 105 1.8
530 14:39:00 253 119 5.0 105 1.8
540 14:44:05 340 106 13.6 105 1.8
550 14:49:23 342 105 9.9 105 1.8
561 14:58:41 622 99 9.8 105 1.8
610 15:02:46 517 131 0.8 160 0.0
620 15:06:57 390 112 1.6 160 0.0
631 15:14:51 324 102 -1.1 160 0.0
710 15:19:07 236 100 -0.6 150 0.3
721 15:28:47 424 110 -3.1 150 0.3
730 15:33:38 466 96 -3.1 150 0.3
810 15:37:42 291 94 -3.3 120 1.2
831 16:39:45 420 100 -3.4 120 1.2
910 16:43:28 547 146 -0.2 105 1.8
920 16:47:05 573 136 0.0 105 1.8
930 16:50:42 556 134 3.5 105 1.8
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D4

Piper Warrior PA-28-161

Table D-4. PA-28-161 event TSPI data.
Test Test Descent|Reference
Event # Ov.?il;‘lzgad Altitude |Test Speed (kts) angle Speed D(li‘RB‘;DJ
(ft) (degrees) (kts)
321 13:06:04 432 101 1.3 105 1.8
331 13:15:33 494 100 1.0 105 1.8
332 13:20:13 505 100 -0.6 105 1.8
333 7:57:09 400 104 1.4 105 1.8
334 8:00:42 417 103 1.4 105 1.8
360 9:30:16 376 101 1.3 105 1.8
411 13:32:49 544 85 0.7 95 23
421 13:43:04 540 80 0.3 95 2.3
430 13:48:04 522 86 -0.9 95 2.3
510 13:52:32 367 74 6.8 79 3.1
520 13:57:22 297 75 4.6 79 3.1
530 14:02:13 511 72 3.3 79 3.1
540 14:06:55 387 72 5.2 79 3.1
550 14:09:39 591 84 4.6 79 3.1
562 14:21:17 395 82 3.1 79 3.1
611 14:28:52 501 102 -2.8 100 2.0
630 14:35:49 490 102 -3.4 100 2.0
710 14:39:14 468 89 -3.4 80 3.0
831 15:04:50 483 72 2.7 70 3.6
911 9:24:23 443 99 1.8 87 2.6
921 9:27:44 500 95 2.1 87 2.6
930 15:15:14 490 96 0.2 87 2.6
1110 15:11:52 36 123 0.1 105 1.8
1120 15:17:59 67 109 0.9 105 1.8
1210 15:35:20 178 102 0.3 105 1.8
1220 15:39:05 181 113 0.9 105 1.8
1230 15:45:50 206 104 0.1 105 1.8
1240 15:49:40 194 111 0.3 105 1.8
2100 15:02:51 476 102 0.0 105 1.8
2200 15:05:30 445 117 0.0 105 1.8
2300 15:08:36 471 103 -1.2 105 1.8

D-3




D.5

Beech 1900D

Table D-5. 1900D event TSPI data.
Test Test Descent|Reference
Event # Ov.?il;‘lzgad Altitude |Test Speed (kts) angle Speed D(li‘RB‘;DJ
(ft) (degrees) (kts)
310 8:10:08 541 226 0.5 220 -1.4
320 8:16:26 534 225 -0.4 220 -1.4
330 8:22:25 482 225 0.4 220 -1.4
340 8:26:18 438 239 -0.4 220 -1.4
350 8:31:09 426 233 0.8 220 -1.4
510 8:45:21 536 179 1.6 160 0.0
521 8:54:01 600 171 6.2 160 0.0
530 9:02:17 638 168 6.0 160 0.0
610 9:18:56 307 148 -3.0 160 0.0
620 9:25:01 434 159 -1.7 160 0.0
630 9:28:45 306 139 -1.3 160 0.0
710 9:32:25 505 146 -2.0 130 0.9
730 9:40:16 449 136 -2.1 130 0.9
810 9:45:14 434 107 -3.4 115 14
830 9:52:55 463 110 -2.6 115 14
910 9:57:13 564 168 0.9 160 0.0
930 10:04:28 523 158 0.6 160 0.0
931 10:08:11 553 170 1.9 160 0.0
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D.6  Eurocopter EC-130

Helicopter reference speeds are based on maximum speed in level flight with maximum
continuous power (Vy) and speed for best rate of climb (Vy). The adjustment factors
used to calculate the helicopter reference speeds are included in Tables D-6 and D-7.

Table D-6. EC-130 event TSPI data.

Test Ref. Ref. Speed
Overhead Test Descent | Speed | Adj. Factor, DUR
Event# “Time |Altitude (ft)| °St SPeed (KS) o ole ('I)(ts) with V, = 126 (dB)
(degrees) kts, Vy = 65 kts

120 9:33:55 532 125 1.2 115 0.9*Vy 1.4
121 9:36:47 487 112 1.3 115 0.9*Vy 1.4
122 9:39:07 509 119 1.4 115 0.9*Vy 1.4
130 9:41:18 511 124 0.0 125 1.0*Vy 1.1
132 9:45:04 484 121 0.2 125 1.0*Vy 1.1
140 9:47:15 459 109 1.5 101 0.8*Vy 2.0
141 9:49:03 496 92 0.6 101 0.8*Vy 2.0
142 9:50:27 526 107 1.3 101 0.8*Vy 2.0
150 9:52:46 500 86 0.4 88 0.7*Vy 2.6
151 9:54:13 528 100 1.0 88 0.7*Vy 2.6
152 9:56:16 521 85 0.0 88 0.7*Vy 2.6
160 9:57:54 508 94 0.1 76 0.6*Vy 3.2
162 10:02:47 497 88 0.1 76 0.6*Vy 3.2
163 10:06:01 502 74 -0.3 76 0.6*Vy 3.2
180 12:37:35 71 93 0.3 101 0.8*Vy 2.0
181 12:39:02 125 108 21 101 0.8*Vy 2.0
183 12:40:55 107 112 1.0 101 0.8*Vy 2.0
210 10:09:38 430 63 4.8 65 1.0*Vy 3.9
211 10:12:38 304 63 11.5 65 1.0*Vy 3.9
214 10:19:15 405 63 12.7 65 1.0*Vy 3.9
215 10:21:07 469 64 14.1 65 1.0*Vy 3.9
216 10:22:36 438 63 14.0 65 1.0*Vy 3.9
217 10:24:15 473 63 11.1 65 1.0"Vy 3.9
311 10:34:43 466 59 -5.0 65 1.0"Vy 3.9
313 10:47:38 506 51 -7.5 65 1.0*Vy 3.9
314 10:52:10 602 57 -12.0 65 1.0*Vy 3.9
320 10:56:31 655 58 -10.2 65 1.0*Vy 3.9
321 11:01:01 435 61 -7.5 65 1.0*Vy 3.9
323 11:09:32 452 61 -9.9 65 1.0*Vy 3.9
330 11:58:14 414 56 -9.9 65 1.0*Vy 3.9
331 12:01:54 379 50 -11.3 65 1.0"Vy 3.9
333 12:09:07 452 52 -13.3 65 1.0"Vy 3.9
341 12:17:07 554 75 -11.1 80 1.2*Vy 3.0
342 12:20:04 368 73 -12.1 80 1.2*Vy 3.0
343 12:22:41 442 83 -8.2 80 1.2*Vy 3.0
344 12:25:35 430 77 -11.5 80 1.2*Vy 3.0
350 12:28:52 475 60 -9.3 60 0.9"Vy 4.3
351 12:32:26 595 51 -10.1 60 0.9*Vy 4.3
352 12:35:07 492 58 -10.6 60 0.9*Vy 4.3
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D.7

Robinson R-22

Table D-7. R-22 event TSPI data.
Ref. Ref. Speed
. Test Descent| Speed | Adj. Factor,
Event # Ov.?i';::ad Test Ggltude Tes(tk?sp)eed angle (ﬁts) witli Vi =102 D(li:;,;m
(degrees) kts, Vy =53
kts

120 12:07:18 265 85 0.7 90 0.9*Vy 2.5
121 12:10:49 302 95 0.0 90 0.9*Vy 2.5
122 12:14:24 273 88 0.0 90 0.9*Vy 2.5
132 12:24:04 368 79 3.3 81 0.8*Vy 3.0
133 12:28:50 498 76 -0.5 81 0.8*Vy 3.0
134 12:32:49 353 78 -2.7 81 0.8*Vy 3.0
142 12:44:49 353 59 -1.5 72 0.7*Vy 3.5
150 12:52:07 368 54 -0.1 63 0.6*Vy 4.1
151 12:56:13 554 53 1.2 63 0.6*Vy 4.1
154 13:07:13 350 54 1.6 63 0.6*Vy 4.1
160 13:10:21 383 49 0.0 54 0.5*Vy 4.7
162 13:20:21 271 52 -1.0 54 0.5*Vy 4.7
180 13:01:20 84 66 -0.2 72 0.7*Vy 3.5
183 13:09:50 89 79 -1.4 72 0.7*Vy 3.5
184 13:12:33 82 66 -0.3 72 0.7*Vy 3.5
213 13:38:16 287 41 9.6 53 1.0*Vy 4.8
214 13:41:58 373 53 5.7 53 1.0*Vy 4.8
217 13:53:30 418 53 9.2 53 1.0*Vy 4.8
314 14:30:03 512 58 -1.7 53 1.0*Vy 4.8
322 11:49:27 242 36 -7.0 53 1.0*Vy 4.8
323 11:54:30 459 36 -5.7 53 1.0*Vy 4.8
330 12:01:39 534 39 -9.4 53 1.0*Vy 4.8
331 12:07:58 708 37 -10.9 53 1.0*Vy 4.8
332 12:14:58 708 38 -11.1 53 1.0*Vy 4.8
342 12:42:41 286 36 -11.2 53 1.0*Vy 4.8
344 12:54:49 381 45 -7.0 53 1.0*Vy 4.8
350 13:18:50 311 62 -7.1 50 1.0*Vy 4.8
351 13:22:47 126 39 -4.1 50 1.0*Vy 4.8
352 13:27:34 219 38 -9.9 50 1.0*Vy 4.8
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APPENDIX E: AIRCRAFT NOISE-POWER-DISTANCE TABLES

Appendix E presents left-side, center, and right-side (relative to the direction of travel)
NPDs for all measured aircraft. Hover tabular data are presented for the helicopters.
Though the INM 6.0 Series uses a single NPD set (centerline) to model propeller-driven
aircraft, the sideline NPDs are presented for completeness and in the event a future
release of the INM may utilize sideline NPDs in its calculations. The helicopter noise
calculation methodology to be included in the INM 7.0 Series utilizes centerline and
sideline NPDs to account for directivity. Tables 13, 14, and 15 in Section 4.0 present the
specific flight parameters for each series. Data presented include tabular NPD results
generated for four noise metrics: sound exposure level (SEL), denoted by the symbol
Lag, maximum, slow, A-weighted sound level (MXSA), denoted by the symbol Lagms,
effective perceived noise level (EPNL), denoted by the symbol Lgpy, and tone-adjusted
maximum, slow, perceived noise level (MXSPNT), denoted by the symbol Lpntsmx. If
the noise from a prescribed study series was not collected or could not be used in the
data processing, the missing data are indicated with “ND” (No Data) in the tables. If the
noise from a study series was not applicable to a particular aircraft, the missing data is
indicated with “NA” (Not Applicable) in the tables. Each aircraft’s reference speeds
(RS) are also noted in the tables. All speeds are in kts.

E.1  Dynamic Operations Noise-Power-Distance Tables

E.1.1 Maule M-7-235C
As discussed in Section 6.1.3, weather conditions during the Maule study resulted in only
two measurement series being completed for this aircraft.



Table E-1. Maule Lag NPDs.

Maule
Lae 300 Series (RS=87) | 400 Series (RS=70) 500 Series 600 Series 700 Series
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 874 | 88.0 | 86.3 | 80.0 | 80.7 | 794 |[ND | ND | ND [ND| ND | ND |ND| ND | ND
400 836 | 836 | 823 | 761 | 77.0 | 756 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
630 80.9 | 805 | 796 | 735 | 744 | 73.0 [ND | ND | ND [ND| ND | ND | ND| ND | ND
1000 780 | 772 | 76,5 | 706 | 715 | 70.0 [ND | ND | ND [ND| ND | ND |ND | ND | ND
2000 731 | 717 | 714 | 66.0 | 66.9 | 651 [ND| ND | ND |[ND| ND | ND [ND | ND | ND
4000 676 | 656 | 65.7 | 605 | 61.9 | 599 |[ND | ND | ND [ND| ND | ND | ND| ND | ND
6300 636 | 614 | 616 | 57.0 | 584 | 562 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
10000 59.1 | 57.0 | 57.0 | 53.0 | 546 | 522 |[ND | ND | ND [ND| ND | ND |ND | ND | ND
16000 54.0 | 525 | 52.0 | 49.2 | 504 | 481 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
25000 485 | 48.0 | 47.0 | 459 | 465 | 442 |[ND | ND | ND IND| ND | ND |[ND | ND | ND
Lae 800 Series 900 Series 1100 Series 1200 Series 2000 Series
200 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
400 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
630 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-2. Maule Lagnx NPDs.
Maule
Lasmx 300 Series (RS=87) 400 Series (RS=70) 500 Series 600 Series 700 Series
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left [Center|Right| Left |Center|Right| Left |Center|Right|
200 84.5 | 839 | 822 | 756 | 761 | 747 [ND| ND | ND |[ND| ND | ND [ND | ND | ND
400 779 | 768 | 756 | 69.0 | 69.6 | 681 | ND | ND | ND [ND| ND | ND | ND | ND | ND
630 734 | 719 | 710 | 646 | 651 | 63.6 |[ND| ND | ND |[ND| ND | ND [ND | ND | ND
1000 68.7 | 66.8 | 66.2 | 60.0 | 604 | 588 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
2000 61.2 | 58.7 | 585 | 52.8 | 53.0 | 514 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
4000 532 | 50.2 | 501 | 45.3 | 452 | 436 |[ND | ND | ND [ND| ND | ND | ND| ND | ND
6300 47.6 | 445 | 442 | 402 | 399 | 382 |ND | ND | ND [ND| ND | ND | ND| ND | ND
10000 414 | 384 | 37.8 | 347 | 344 | 324 |[ND| ND | ND [ND| ND | ND [ND | ND | ND
16000 344 | 318 | 309 | 28,5 | 28,6 | 26.0 |[ND| ND | ND [ND| ND | ND | ND| ND | ND
25000 27.0 | 249 | 240 | 22.0 | 228 | 196 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
L asmx 300 Series 400 Series 1100 Series 1200 Series 2000 Series
200 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
400 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
630 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
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Table E-3. Maule Lgpy NPDs.

Maule
Lepn 300 Series (RS=87) | 400 Series (RS=70) 500 Series 600 Series 700 Series
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left [Center|Right| Left |Center|Right| Left |Center|Right
200 924 | 937 | 912 | 86.2 | 87.8 | 853 [ND| ND | ND [ND| ND | ND [ ND| ND | ND
400 88.1 | 89.0 | 86.9 | 821 | 838 | 80.9 [ND| ND | ND [ND| ND | ND [ ND| ND | ND
630 85.1 | 855 | 83.7 | 791 | 80.7 | 779 [ND | ND | ND [ND| ND | ND [ ND| ND | ND
1000 816 | 81.7 | 801 | 754 | 774 | 745 [ND | ND | ND [ND| ND | ND [ND| ND | ND
2000 76.0 | 754 | 741 | 694 | 717 | 685 [ND| ND | ND IND| ND | ND [ND| ND | ND
4000 694 | 68.0 | 672 | 62.3 | 646 | 61.0 [ND| ND | ND [ND| ND | ND [ND| ND | ND
6300 64.3 | 625 | 61.8 | 56.8 | 59.1 | 55.0 [ND | ND | ND [ND| ND | ND [ ND| ND | ND
10000 585 | 55.7 | 551 | 501 | 52.3 | 476 |[ND | ND | ND [ND| ND | ND [ ND| ND | ND
16000 50.8 | 46.7 | 466 | 416 | 431 | 379 [ND| ND | ND [ND| ND | ND [ND| ND | ND
25000 40.2 | 354 | 351 | 311 | 328 | 26.7 [ND | ND | ND [ND| ND | ND | ND| ND | ND
Lepn 800 Series 900 Series 1100 Series 1200 Series 2000 Series
200 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
400 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
630 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
1000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
4000 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
6300 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
10000 ND ND ND ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA
16000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-4. Maule LPNTSmx NPDs.
Maule
LenTsmx 300 Series (RS=87) 400 Series (RS=70) 500 Series 600 Series 700 Series
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left [Center|Right| Left |Center|Right| Left |Center|Right|
200 99.8 | 100.3 | 975 | 93.0 | 947 | 911 [ND| ND | ND |[ND| ND | ND [ND | ND | ND
400 93.0 | 932 | 905 | 86.3 | 88.0 | 843 |[ND| ND | ND [ND| ND | ND | ND | ND | ND
630 88.4 | 882 | 855 | 81.6 | 831 | 795 [ND| ND | ND |[ND| ND | ND [ND | ND | ND
1000 83.3 | 827 | 802 | 76,5 | 779 | 743 |[ND | ND | ND [ND| ND | ND |ND | ND | ND
2000 751 | 737 | 71.7 | 682 | 694 | 659 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
4000 65.9 | 638 | 622 | 586 | 59.6 | 56.0 | ND | ND | ND [ND| ND | ND | ND | ND | ND
6300 59.1 | 566 | 551 | 516 | 52.7 | 489 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
10000 516 | 486 | 47.0 | 436 | 444 | 400 [ND| ND | ND |[ND| ND | ND [ND | ND | ND
16000 42.3 | 384 | 37.0 | 33.8 | 33.8 | 288 | ND| ND | ND [ND| ND | ND | ND| ND | ND
25000 302 | 272 | 248 | 217 | 223 | 16.0 |[ND | ND | ND [ND| ND | ND | ND | ND | ND
Lpntsmx 800 Series 900 Series 1100 Series 1200 Series 2000 Series
200 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
400 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
630 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 ND ND ND ND ND ND NA | NA | NA | NA | NA | NA | NA | NA | NA
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E.1.2 Piper Twin Comanche PA-30

Table E-5. PA-30 Lsg NPDs.

PA-30
. _ . _ . _ 600 Series . _
Lae 300 Series (RS=165) | 400 Series (RS=135) (500 Series (RS=97) RS=100) 700 Series (RS=96)
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 93.2 | 93.7 | 89.3 | 90.6 | 91.0 | 86.1 [99.1|101.0 | 98.0 |80.6| 84.3 | 83.3 |82.5| 82.3 | 82.0
400 88.0 | 88.8 | 86.2 | 859 | 86.6 | 83.8 |95.3| 96.6 | 94.1 |77.6| 804 | 79.3|78.6| 784 | 77.9
630 84.6 | 856 | 83.2 | 828 | 83.5 | 81.0 [92.4| 93.6 | 91.1 [75.1| 77.8 | 76.7 |75.8]| 75.7 | 75.1
1000 81.1 | 821 | 795 | 794 | 80.3 | 77.6 [89.2]| 90.2 | 87.8 |72.3| 74.9 [73.9|728]| 729 | 722
2000 755 | 76.5 | 73.3 | 73.9 | 75.0 | 719 |83.7| 84.7 | 82.3 |67.4| 70.2 | 69.3 |67.8| 68.2 | 674
4000 69.5 | 70.3 | 664 | 67.8 | 69.0 | 654 |776| 78.3 | 76.0 [61.7| 64.9 | 64.1 |62.0| 62.8 | 62.1
6300 65.2 | 657 | 61.3 | 634 | 64.7 | 60.5 |73.0| 73.6 | 71.3 |57.2| 60.9 | 60.1 |57.7| 58.8 | 58.3
10000 60.4 | 605 | 554 | 58.6 | 59.6 | 55.2 |67.8| 68.3 | 65.9 |52.3| 56.4 | 55.6 |53.0| 54.2 | 54.0
16000 55.1 | 54.6 | 48.9 | 53.3 | 53.7 | 49.7 |61.9| 62.2 | 59.7 [47.2| 51.2 | 50.5 |48.1| 49.0 | 49.3
25000 49.3 | 484 | 427 | 479 | 479 | 445 |55.6| 55.7 | 53.2 |[42.4| 46.1 | 45.6 |43.4| 44.3 | 451
Lae 800 Series (RS=87) | 900 Series (RS=97) 1100 Series 1200 Series 2000 Series
200 85.6 | 86.2 | 84.0 | 100.0 | 101.2 [ 100.0 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 818 | 824 | 80.3 | 95.7 | 96.8 | 953 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
630 791 | 79.7 | 77.7 | 92.3 | 93.7 | 921 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 762 | 76.8 | 74.7 | 88.7 | 90.3 | 887 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
2000 711 | 71.8 | 69.9 | 82,9 | 84.7 | 831 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 65.2 | 65.7 | 641 | 76.3 | 784 | 768 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 60.7 | 612 | 59.8 | 715 | 73.8 | 721 | NA | NA | NA | NA [ NA | NA | NA | NA | NA
10000 55.7 | 56.1 | 551 | 66.0 | 68.5 | 66.9 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 504 | 50.6 | 50.0 | 59.8 | 62.5 | 60.9 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
25000 46.0 | 455 | 457 | 53.0 | 56.2 | 545 | NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-6. PA-30 Lasmx NPDs.
PA-30
. _ . _ . _ 600 Series . _
Lasmx 300 Series (RS=165) | 400 Series (RS=135) |500 Series (RS=97) RS=100) 700 Series (RS=96)
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 89.0 | 89.5 | 940 | 86.0 | 86.6 | 88.9 |98.0| 96.1 | 95.1 |[79.7| 79.0 | 779 |774| 76.3 | 75.7
400 81.8 | 82.6 | 850 | 78.7 | 79.8 | 80.8 |90.5| 89.0 | 87.8 |72.6| 726 | 71.5|70.4| 69.8 | 69.3
630 76.9 | 778 | 79.0 | 741 | 751 | 753 |85.2| 84.0 | 82.8 |67.7| 68.2 | 67.2 |65.7| 65.5 | 65.0
1000 717 | 727 | 726 | 694 | 70.0 | 695 [79.5| 78.6 | 77.4 |62.7| 63.6 | 62.7 |60.8| 60.9 | 60.4
2000 639 | 646 | 625 | 61.8 | 625 | 604 |70.8| 70.2 | 68.9 |54.9| 56.4 | 55.7 |53.0| 53.7 | 53.3
4000 55.7 | 56.2 | 52.2 | 536 | 54.3 | 50.7 [61.8] 61.5 | 59.8 |46.0| 48.5 | 48.0 |44.5| 45.7 | 45.6
6300 49.9 | 50.1 | 45.0 | 479 | 48.3 | 43.9 |55.6| 55.3 | 53.5 [39.4| 43.0 | 42.6 |38.5| 40.0 | 40.2
10000 437 | 434 | 371 | 418 | 416 | 364 |49.0| 48.3 | 46.5[32.0| 36.8 | 36.5[31.9| 33.7 | 34.2
16000 36.8 | 358 | 28.2 | 351 | 34.2 | 27.8 |41.6| 40.5 | 38.7 [23.9| 30.0 | 29.8 |24.5| 26.6 | 274
25000 295 | 281 | 195 | 28.2 | 26.7 | 19.3 |33.6]| 32.3 | 30.8 [17.0] 22.9 | 22.7 |17.7| 19.5 | 204
Lasmx 800 Series (RS=87) | 900 Series (RS=97) 1100 Series 1200 Series 2000 Series
200 80.4 | 79.8 | 786|993 | 959 | 948 | NA NA NA | NA | NA | NA | NA | NA | NA
400 739 | 733 | 721911 | 88.9 | 875 | NA NA NA | NA | NA | NA | NA| NA | NA
630 69.5 | 689 |67.7 |852| 84.1 | 825 | NA NA NA | NA | NA | NA | NA | NA | NA
1000 64.8 | 64.3 | 63.1]792| 789 | 77.0 | NA NA NA | NA | NA | NA | NA| NA | NA
2000 571 | 56.8 | 55.7 | 704 | 70.6 | 68.3 | NA NA NA | NA | NA | NA | NA | NA | NA
4000 484 | 483 [ 475 (614 | 61.7 | 59.8 | NA NA NA | NA | NA | NA | NA | NA | NA
6300 421 | 421 | 416 | 55.0 | 55.5 | 53.8 | NA NA NA | NA | NA | NA | NA| NA | NA
10000 | 354 | 353 | 353 |48.2| 48.7 | 471 | NA NA NA | NA | NA | NA | NA| NA | NA
16000 | 28.2 | 28.0 | 284 |40.5| 411 |39.8 | NA NA NA | NA | NA | NA | NA | NA | NA
25000 | 21.0| 206 | 214 (321 331 |321| NA NA NA | NA | NA | NA | NA | NA | NA
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Table E-7. PA-30 LEPN NPDs.

PA-30
Lepn 300 Series (RS=165) | 400 Series (RS=135) {500 Series (RS=97) 6?32:23)5 7?383:;:5(;5
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 98.1 | 98.0 | 951 | 955 | 954 | 91.3 [103.9]/105.0 [102.6/84.9| 88.0 | 87.0 |87.0| 85.7 | 86.1
400 92.3 | 92.7 | 91.3 | 90.3 | 90.5 | 88.5 [99.7 [100.3|98.1 [81.3]| 83.7 | 825|824 | 814 | 814
630 88.6 | 89.0 | 876 | 86.7 | 87.1 | 85.0 [96.3 | 96.9 [94.6 |78.2| 80.8 | 79.6 |79.1| 78.3 | 78.1
1000 84.5 | 849 | 828 | 824 | 83.3 | 80.6 [925| 92.9 | 90.7 |74.8| 776 | 76.4 |754| 751 | 747
2000 781 | 782 | 751 | 761 | 76.9 | 73.8 [86.3 | 86.7 | 84.3 68.7| 72.4 | 70.9 |69.3| 69.6 | 68.9
4000 711 | 714 | 669 | 69.0 | 70.2 | 65.7 [79.3| 799 | 77.2|61.0| 65.9 | 64.1 |61.5] 63.0 | 61.7
6300 66.0 | 66.2 | 605 | 636 | 64.9 | 594 [74.1| 75.0 | 71.7 |54.3| 60.8 | 58.6 |55.0| 57.5 | 55.8
10000 59.8 | 59.8 | 52.3 | 574 | 58.3 | 51.3 [68.2 | 69.1 | 65.3 [45.5]| 53.9 | 51.7 |46.9| 49.7 | 48.7
16000 52.3 | 50.8 | 39.9 | 498 | 499 | 395 [60.8| 61.1 | 57.4 [30.8| 45.1 | 43.1 |34.7| 39.8 | 39.3
25000 421 | 40.0 | 19.0 | 395 | 39.0 | 209 |51.1| 51.0 | 47.0[16.8| 32.6 | 30.1 [23.0] 26.5 | 24.3
Lepn 800 Series (RS=87) | 900 Series (RS=97) 1100 Series 1200 Series 2000 Series
200 89.0 | 89.5 | 87.5 | 104.9 | 1054 [ 1042 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 84.7 | 85.3 | 83.3 | 100.2 | 100.5| 99.1 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 816 | 823 | 80.3 | 96.2 | 97.0 | 954 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 782 | 79.0 | 771 | 91.7 | 93.0 | 914 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 726 | 732 | 714 | 849 | 869 | 849 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 656 | 66.3 | 645 | 77.6 | 80.1 | 778 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 59.7 | 60.8 | 58.7 | 722 | 752 | 724 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 52.2 | 53.0 | 51.2 | 66.0 | 69.6 | 66.3 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 423 | 429 | 415 | 579 | 619 | 587 | NA | NA | NA | NA [ NA | NA | NA | NA | NA
25000 26.2 | 29.2 | 26.2 | 46.8 | 52.3 | 489 | NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-8. PA-30 LPNTSmx NPDs.
PA-30
Lentsmx | 300 Series (RS=165) | 400 Series (RS=135) |500 Series (RS=97) G(I’Rosi:gg)s 7?333;*;55
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |[Center|Right
200 104.3 | 104.4 | 110.9 | 101.5 | 101.5 | 105.5 [113.5[ 111.1 [110.6]95.1| 93.7 | 92.4 |91.5| 90.3 | 89.5
400 96.9 | 971 | 1016 | 94.0 | 944 | 96.6 [105.8|103.8 [102.8/86.7| 87.1 | 85.7 |84.0| 83.6 | 82.7
630 91.8 | 919 | 944 | 89.0 | 89.2 | 89.8 [100.3| 985 | 97.2 |81.5| 82.5 | 81.1|78.8| 78.9 | 78.1
1000 86.5 | 86.1 | 86.7 | 84.0 | 834 | 83.0 [94.2| 925 |90.9 [75.8| 77.6 | 76.3 |73.4| 73.9 | 73.2
2000 783 | 772 | 757 | 758 | 753 | 729 [85.1| 83.3 | 81.7 |66.6]| 69.6 | 68.3 |64.7| 65.9 | 65.2
4000 69.0 | 68.0 | 644 | 666 | 66.3 | 62.0 | 752 | 73.6 | 71.9 |55.9| 60.6 | 59.2 |54.4| 56.7 | 56.1
6300 62.2 | 61.3 | 564 | 59.8 | 59.5 | 54.0 [ 68.3 | 67.1 [ 64.9 |[47.5| 541 | 52.5 |46.3| 50.1 | 49.1
10000 546 | 542 | 469 | 524 | 519 | 444 [60.8| 60.0 | 57.2 [36.7| 459 | 44.3 |36.7| 40.6 | 40.4
16000 46.2 | 43.9 | 32.7 | 437 | 423 | 315 | 52.0| 50.0 | 48.1 [21.3| 35.8 | 34.3 [24.0]| 29.8 | 29.9
25000 35.0 | 323 | 125 | 32.0 | 304 | 11.3 [41.3| 386 | 364 |26 | 224 |212|7.0| 105 | 146
Lentsmx | 800 Series (RS=87) | 900 Series (RS=97) 1100 Series 1200 Series 2000 Series
200 93.3 | 929 | 921 | 1148 | 1113 [109.7 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 86.5 | 86.1 | 85.2 | 106.6 | 104.1 [ 102.2 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 81.7 | 814 | 80.5 | 100.3 | 99.0 | 96.8 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 76.7 | 76.4 | 755 | 93.3 | 93.3 | 90.7 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 68.5 | 682 | 676 | 842 | 841 | 81.0 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 58.7 | 589 | 581 | 741 | 745 | 715 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 513 | 519 | 512 | 671 | 67.9 | 648 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 426 | 43.0 | 427 | 59.4 | 60.9 | 574 | NA | NA | NA | NA [ NA | NA | NA | NA | NA
16000 318 | 318 | 318 | 50.1 | 51.3 | 488 | NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 16.1 | 148 | 16.6 | 37.8 | 404 | 380 | NA | NA | NA | NA | NA | NA | NA | NA | NA
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E.1.3 Piper Navajo Chieftain PA-31-350
Table E-9. PA-31 Lsg NPDs.

PA-31
Lee | 300 Series (RS=156) | 400 Series (RS=155) 5?52‘1%33)8 6?82‘1*23)5 7?82‘1*;'3?

Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center| Right | Left |Center| Right

200 89.5 | 89.6 | 899 | 86.4 | 87.9 | 87.9 [94.4| 949 | 94.0 854 | 86.8 | 85.2 | 84.6 | 85.5 | 84.1

400 85.7 | 85.7 | 854 | 828 | 84.2 | 84.2 |90.7| 91.3 | 90.5 | 82.0 | 83.2 | 81.7 | 81.4 | 81.9 | 80.6

630 83.1 | 83.0 | 826 | 80.3 | 81.7 | 815 |88.3 | 88.8 | 88.1 | 79.7| 80.9 | 79.4 | 789 | 79.5 | 78.3

1000 80.4 | 803 | 799 | 778 | 79.0 | 789 |85.8| 86.1 | 855 |77.3| 784 | 77.0 |76.5| 771 | 759

2000 76.0 | 758 | 755 | 735 | 745 | 746 |81.6| 81.8 | 813 |73.4| 744 | 73.1 |725| 73.1 | 71.9

4000 712 | 71.0 | 706 | 688 | 69.6 | 69.8 | 76.9| 76.9 | 76.5 |68.9 | 69.8 | 68.6 | 67.9 | 68.7 | 67.4

6300 676 | 675 | 67.0 | 651 | 66.1 | 66.3 |73.3| 73.2 | 729 |654 | 66.4 | 65.1 |64.4| 655 | 63.9

10000 63.5 | 636 | 62.7 | 61.2 | 62.3 | 62.3 [68.9| 69.1 | 68.7 |61.3| 62.5 | 61.0 |60.3 | 61.7 | 59.8

16000 58.6 | 59.2 | 57.7 | 56.4 | 58.1 | 576 |63.6 | 64.2 | 63.6 | 56.1 | 58.0 | 56.2 | 55.3 | 57.4 | 54.9

25000 532 | 544 | 521 | 511 | 534 | 524 |57.2| 59.0 | 58.0 | 50.1 | 53.2 | 50.8 | 49.6 | 52.7 | 49.7

Lae 800 Series (RS=120) | 900 Series (RS=105) 1100 Series 1200 Series 2000 Series

200 88.6 | 89.0 | 875 | 964 | 96.0 | 956 | NA | NA | NA | NA | NA | NA | NA | NA | NA

400 85.2 | 854 | 84.0 | 92.7 | 924 | 919 | NA | NA | NA | NA | NA | NA | NA | NA | NA

630 82.4 | 83.0 | 816 | 90.2 | 89.9 | 894 | NA | NA | NA | NA | NA | NA | NA | NA | NA

1000 79.7 | 804 | 791 | 875 | 87.3 | 86.8 | NA | NA | NA | NA | NA | NA | NA | NA | NA

2000 755 | 764 | 751 | 83.1 | 831 | 825 | NA | NA | NA | NA | NA | NA | NA | NA | NA

4000 70.7 | 71.8 | 706 | 78.0 | 785 | 777 | NA | NA | NA | NA | NA | NA | NA | NA | NA

6300 67.2 | 685 | 671 | 742 | 75.0 | 74.1 NA | NA | NA | NA | NA | NA | NA | NA | NA

10000 629 | 646 | 631 | 696 | 71.2 | 699 | NA | NA | NA | NA | NA | NA | NA | NA | NA

16000 57.8 | 60.2 | 58.1 | 64.1 | 66.6 | 65.1 NA | NA | NA | NA | NA | NA | NA | NA | NA

25000 52.0 | 551 | 524 ND ND ND NA | NA | NA | NA [ NA | NA | NA | NA | NA

Table E-10. PA-31 Lasmx NPDs.

PA-31
. _ . _ 500 Series 600 Series 700 Series
Lasmx 300 Series (RS=156) | 400 Series (RS=155) RS=105) RS=160) RS=150)

Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center| Right | Left |Center| Right

200 88.5 | 88.2 | 879 | 850 | 859 | 86.6 |92.6 | 921 | 92.6 | 86.9 | 86.9 | 86.0 854 | 85.1 | 84.4

400 82.0 | 81.7 | 814 | 786 | 794 | 79.9 |86.2 | 85.7 | 86.2 | 80.6 | 80.5 | 79.7 | 79.1| 78.8 | 78.1

630 777 | 774 | 771 | 743 | 750 | 756 |81.9| 81.3 | 81.9 |76.5| 76.3 | 75.5 |749| 746 | 73.9

1000 731 | 728 | 725 | 698 | 705 | 711 |775| 76.7 | 774 |721| 719 | 712 |70.6| 70.2 | 69.6

2000 66.0 | 65.7 | 654 | 62.8 | 634 | 64.1 [70.5]| 69.4 | 70.4 | 654 | 65.0 | 64.3 |63.8| 63.4 | 62.7

4000 585 | 58.1 | 57.7 | 553 | 56.0 | 56.6 |62.9| 61.7 | 62.7 | 58.0 | 57.6 | 56.8 | 56.4 | 56.2 | 55.2

6300 53.1 | 53.0 | 52.3 | 50.1 | 51.0 | 514 |57.4 | 56.2 | 57.2 | 52.7 | 52.3 | 51.4 | 51.0 | 51.1 | 49.7

10000 472 | 474 | 463 | 443 | 456 | 45.8 [51.1] 50.3 | 51.1 | 46.6 | 46.5 | 45.3 |44.9| 454 | 43.6

16000 406 | 414 | 395 | 37.8 | 39.7 | 394 [43.8| 43.8 | 44.2 |39.4| 40.1 | 38.7 |37.9| 39.2 | 36.9

25000 33.6 | 350 | 324 | 306 | 336 | 32.8 |35.8| 37.0 | 36.8 | 31.5| 33.4 | 31.8 |30.2 | 32.5 | 29.9

Lasmx 800 Series (RS=120) | 900 Series (RS=105) 1100 Series 1200 Series 2000 Series

200 86.6 | 86.3 | 86.0 | 95.7 | 94.7 | 947 | NA | NA | NA | NA | NA | NA | NA | NA | NA

400 80.2 | 799 | 79.2 | 89.2 | 88.3 | 883 | NA | NA | NA | NA | NA | NA | NA | NA | NA

630 76.0 | 757 | 75.0 | 849 | 84.0 | 839 | NA | NA | NA | NA | NA | NA | NA | NA | NA

1000 715 | 71.2 | 706 | 80.3 | 795 | 794 | NA | NA | NA | NA | NA | NA | NA | NA | NA

2000 64.5 | 642 | 63.7 | 73.0 | 725 | 723 | NA | NA | NA | NA | NA | NA | NA | NA | NA

4000 56.9 | 56.8 | 56.3 | 65.0 | 651 | 646 | NA | NA | NA | NA | NA | NA | NA | NA | NA

6300 514 | 516 | 50.9 | 59.1 | 59.8 | 59.0 | NA | NA | NA | NA | NA | NA | NA | NA | NA

10000 453 | 459 | 449 | 525 | 54.0 | 529 | NA | NA | NA | NA | NA | NA | NA | NA | NA

16000 38.2 | 395 | 379 | 451 | 474 | 463 | NA | NA | NA | NA | NA | NA | NA | NA | NA

25000 30.7 | 32.7 | 30.3 | 37.3 | 404 | 396 | NA | NA | NA | NA | NA | NA | NA | NA | NA
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Table E-11. PA-31 Lgpny NPDs.

PA-31
Leen | 300 Series (RS=156) | 400 Series (RS=155) 5‘2’82‘1*5'2)5 Series?oR%=1 60) Serie:(oRgﬂ 50)
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 949 | 955 | 952 | 922 | 94.0 | 93.7 [99.7]101.0 ] 99.5 |90.5| 92.6 | 90.2 |90.0| 91.7 | 89.4
400 90.8 | 91.5 | 904 | 88.1 | 90.1 | 89.7 |95.8| 97.2 | 95.8 |86.8| 88.8 | 86.4 |85.9| 87.9 | 85.6
630 88.0 | 888 | 87.3 | 854 | 87.3 | 86.7 [93.2]| 94.6 | 93.3 |84.3| 86.2 | 83.8 |83.2| 854 | 82.9
1000 85.0 | 857 | 84.1 | 823 | 84.4 | 83.6 [90.3| 91.7 | 90.4 |81.4| 83.5 | 80.9 |80.3| 82.5 | 80.0
2000 79.7 | 806 | 789 | 77.0 | 79.2 | 78.3 |855| 86.7 | 856 |76.8| 78.6 | 76.2 |75,5| 77.6 | 751
4000 736 | 747 | 728 | 70.8 | 734 | 724 [79.7| 80.7 | 79.7 |71.2| 72,9 | 70.5|69.7| 71.9 | 69.2
6300 69.1 | 704 | 68.2 | 66.1 | 69.0 | 67.9 [752]| 76.3 | 754 |66.8| 68.7 | 66.1 |65.2| 67.6 | 64.8
10000 63.7 | 654 | 628 | 606 | 64.1 | 62.7 [69.9]| 71.1 | 70.3 |61.6| 63.6 | 61.0 |59.8| 62.5 | 59.5
16000 57.3 | 58.7 | 55,5 | 53.8 | 57.3 | 554 |63.5| 64.8 | 63.9 |55.1| 57.6 | 54.5 |52.9| 56.3 | 52.7
25000 494 | 512 | 471 | 451 | 49.8 | 469 |55.3]| 574 | 56.1 [45.7] 49.5 | 459 |43.4| 48.0 | 434
Lepn 800 Series (RS=120) | 900 Series (RS=105) 1100 Series 1200 Series 2000 Series
200 93.6 | 951 | 925 | 101.3 [ 102.0 [101.7 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 906 | 914 | 888 | 974 | 982 | 978 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 87.4 | 8388 | 86.1 | 948 | 957 | 951 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 84.2 | 86.0 | 833 | 918 | 929 | 923 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 793 | 809 | 783 | 86.8 | 882 | 875 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 734 | 751 | 724 | 80.7 | 824 | 81.7 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 68.7 | 709 | 68.0 | 76.1 | 782 | 773 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 63.2 | 658 | 62.7 | 70.7 | 734 | 723 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 56.4 | 59.3 | 56.2 | 644 | 674 | 665 | NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 473 | 512 | 474 | 56.6 | 60.8 | 59.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-12. PA-31 LPNTSmx NPDs.
PA-31
Lewrsms | 300 Series (RS=156) | 400 Series (RS=155) | nuSa0es | < L R0 | o i MR8 s0)
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 104.4 | 105.1 | 103.4 | 100.7 | 103.1 | 102.7 [107.8]/ 108.4 |[108.2|101.9| 102.5 |{101.0/100.8| 101.2 | 99.4
400 979 | 986 | 968 | 941 | 96.6 | 96.2 [101.2/101.8|101.6/95.5| 96.1 | 94.5|93.6 | 94.8 | 92.9
630 934 | 942 | 923 | 894 | 922 | 919 [96.8| 974 |97.2|91.1| 91.7 | 90.1|89.2| 90.4 | 88.5
1000 88.7 | 896 | 875 | 84.7 | 874 | 87.2 [921] 92.7 |92.5|86.5| 87.2 | 854 |84.5| 85.8 | 83.9
2000 80.8 | 819 | 795 | 766 | 79.7 | 78.8 [84.5| 851 |84.9|79.1| 795 |77.7|77.0| 78.1 | 76.2
4000 720 | 732 | 70.7 | 679 | 711 | 701 [759| 76.3 |76.2|70.7| 71.0 |69.1|68.5| 69.6 | 67.5
6300 65.7 | 672 | 645 | 615 | 65.0 | 63.9 [69.6 | 70.0 |70.1 |64.6 | 64.9 | 63.0|62.3| 63.5 | 614
10000 58.7 | 60.7 | 576 | 54.3 | 58.7 | 57.3 [62.5| 63.1 |63.3|57.5| 58.1 | 56.2|55.1| 56.7 | 54.5
16000 50.8 | 52.3 | 489 | 46.0 | 504 | 485 [54.4| 55.2 |55.2|49.2| 50.4 | 48.5|46.6 | 48.9 | 46.5
25000 415 | 436 | 393 | 36.0 | 414 | 389 |449| 464 |46.2[38.2| 40.8 |38.7 35,5 39.2 | 36.0
Lentsmx | 800 Series (RS=120) | 900 Series (RS=105) 1100 Series 1200 Series 2000 Series
200 102.2 | 102.7 | 101.4 | 110.5 | 110.8 | 110.8 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 954 | 96.2 | 94.0 | 103.9 | 104.3 [104.3 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 91.0 | 91.8 | 896 | 995 | 99.9 | 999 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 86.2 | 87.2 | 849 | 947 | 952 | 951 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 785 | 793 | 772 | 86.9 | 87.8 | 87.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 69.8 | 70.7 | 685 | 78.0 | 793 | 791 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 63.3 | 644 | 623 | 716 | 731 | 729 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 559 | 576 | 55.0 | 644 | 665 | 66.2 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 47.7 | 491 | 46.7 | 56.2 | 58.9 | 586 | NA | NA | NA | NA [ NA | NA | NA | NA | NA
25000 37.2 | 39.0 | 36.0 | 46.7 | 50.6 | 50.3 | NA | NA | NA | NA | NA | NA | NA | NA | NA
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E.1.4

Piper Warrior PA-28-161

Table E-13. PA-28 Lag NPDs.
PA-28
Lae 300 Series (RS=105) | 400 Series (RS=95) | 500 Series (RS=79) |600 Series (RS=100) | 700 Series (RS=80)
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center| Right | Left |Center| Right | Left |Center| Right
200 85.7 | 865 | 856 | 814 | 827 | 822 [ 89.8 | 909 | 896 | 754 | 76.1 | 749 | 731 | 735 | 73.0
400 821 | 829 | 819 | 778 | 791 | 785 | 86.1 | 87.2 | 859 | 721 | 726 | 716 | 69.8 | 70.1 | 69.5
630 795 | 803 | 79.2 | 752 | 76,5 | 757 [ 834 | 84.5 | 83.1 | 69.6 | 70.1 | 69.1 | 67.4 | 67.6 | 67.0
1000 766 | 77.3 | 763 | 723 | 73.7 | 72,7 | 80.3 | 81.5 | 80.0 | 66.9 | 67.3 | 66.3 | 64.4 | 65.0 | 64.2
2000 72.0 | 725 | 71.3 | 674 | 688 | 67.5 | 753 | 76.5 | 748 | 62.2 | 62.7 | 61.5 | 59.6 | 60.7 | 59.2
4000 66.8 | 67.0 | 65.7 | 62.0 | 63.2 | 61.5 | 69.8 | 70.9 | 69.0 | 57.0 | 57.5 | 56.1 | 54.7 | 56.0 | 54.2
6300 63.0 | 63.1 | 616 | 58.1 | 59.2 | 571 | 65.9 | 67.0 | 649 | 53.1 | 53.8 | 52.2 | 51.2 | 52.6 | 50.6
10000 58.7 | 58.7 | 57.0 | 53.9 | 549 | 52.3 | 61.6 | 62.6 | 60.3 | 48.9 | 49.9 | 48.0 | 47.5 | 49.0 | 47.0
16000 53.6 | 53.6 | 51.7 | 49.2 | 50.3 | 47.3 | 56.6 | 57.5 | 55.1 | 44.8 | 45.8 | 441 | 444 | 453 | 433
25000 48.2 | 483 | 463 | 451 | 459 | 425 | 51.3 | 51.9 | 49.6 | 41.0 | 42.0 | 404 | 415 | 419 | 398
La. | 800 Series (RS=70) | 900 Series (RS=87) 12323190’;‘;5 1?32319(;35 2(()2(8)319(;159)5
200 729 | 726 | 723 | 91.8 | 92.0 | 899 | 829 | 824 | 81.8 | 84.1 | 84.6 | 829 | 85.7 | 85.1 | 84.8
400 69.6 | 69.2 | 69.1 | 88.0 | 882 | 86.1 | 789 | 778 | 778 | 799 | 80.5 | 788 | 819 | 81.2 | 81.0
630 66.9 | 66.4 | 664 | 853 | 855 | 834 | 760 | 746 | 749 | 770 | 776 | 759 | 79.2 | 785 | 78.2
1000 63.6 | 63.8 | 63.7 | 823 | 825 | 805 | 728 | 71.2 | 71.8 | 73.8 | 744 | 727 | 76.2 | 754 | 75.2
2000 59.0 | 596 | 59.3 | 77.3 | 774 | 755 | 678 | 656 | 66.4 | 686 | 69.2 | 674 | 714 | 704 | 70.1
4000 53.6 | 549 | 542 | 717 | 71.7 | 69.8 | 625 | 59.4 | 604 | 63.0 | 63.4 | 61.5 | 66.4 | 64.9 | 64.7
6300 50.1 | 516 | 50.7 | 675 | 675 | 656 | 589 | 54.8 | 56.2 | 59.1 | 59.3 | 574 | 62.8 | 60.9 | 60.8
10000 46.6 | 481 | 471 | 629 | 629 | 60.9 | 551 | 49.9 | 51.7 | 54.8 | 54.9 | 52.7 | 58.9 | 56.6 | 56.7
16000 429 | 449 | 434 | 576 | 57.6 | 554 | 51.0 | 448 | 47.2 | 49.8 | 49.8 | 474 | 54.3 | 51.8 | 52.0
25000 394 | 418 | 399 | ND ND ND | 47.0 | 40.0 | 43.0 | 448 | 45.2 | 424 | 49.3 | 46.8 | 471
Table E-14. PA-28 Lasmx NPDs.
PA-28
Lasmx 300 Series (RS=105) | 400 Series (RS=95) | 500 Series (RS=79) |600 Series (RS=100)| 700 Series (RS=80)
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center| Right | Left |Center| Right | Left |Center| Right
200 83.0 | 835 | 834 | 784 | 798 | 788 | 864 | 87.3 | 86.7 | 71.5 | 721 | 70.6 | 69.0 | 68.1 | 67.1
400 764 | 769 | 76.7 | 71.8 | 731 | 721 | 79.7 | 80.7 | 79.9 | 65.1 | 65.6 | 64.1 | 61.8 | 61.7 | 60.7
630 72.0 | 723 | 721 | 67.3 | 686 | 674 | 751 | 76.1 | 752 | 60.7 | 61.2 | 59.7 | 57.0 | 574 | 56.4
1000 672 | 675 | 67.2 | 625 | 639 | 624 | 703 | 71.2 | 70.2 | 56.1 | 56.6 | 55.0 | 52.0 | 52.9 | 51.8
2000 59.7 | 59.8 | 594 | 54.9 | 56.2 | 54.3 | 62.7 | 63.5 | 62.1 | 48.6 | 49.3 | 476 | 443 | 459 | 446
4000 51.8 | 516 | 511 | 46.7 | 479 | 455 | 546 | 55.2 | 534 | 40.5 | 41.3 | 39.5 | 36.1 | 384 | 36.9
6300 46.2 | 459 | 453 | 41.0 | 422 | 39.3 | 491 | 494 | 475 | 348 | 358 | 33.9 | 30.5 | 33.2 | 31.7
10000 40.0 | 39.8 | 39.0 | 349 | 36.1 | 326 | 43.0 | 431 | 411 | 28.7 | 30.0 | 28.0 | 243 | 27.7 | 261
16000 33.0 | 33.0 | 319 | 282 | 29.7 | 254 | 36.3 | 36.1 | 34.0 | 222 | 239 | 219 | 18.0 | 21.9 | 204
25000 257 | 260 | 244 | 214 | 231 | 185 | 29.0 | 28.7 | 26.5 | 16.3 | 18.0 | 16.2 | 13.4 | 16.6 | 15.3
Lasmx | 800 Series (RS=70) | 900 Series (RS=87) 1232319(;;';5 1?32319(;35 z«(3|gg=s1eorg;s
200 66.3 | 669 | 66.3 | 89.2 | 88.8 | 87.2 | 784 | 74.8 | 78.0 | 80.0 | 80.0 | 79.3 | 83.3 | 81.8 | 825
400 59.7 | 60.5 | 59.8 | 82.6 | 82.1 | 80.5 | 71.7 | 676 | 71.2 | 73.3 | 732 | 726 | 76.6 | 75.0 | 75.7
630 55.2 | 56.2 | 55,5 | 781 | 775 | 759 | 671 | 62.7 | 66.6 | 68.7 | 68.5 | 68.1 | 72.0 | 704 | 711
1000 504 | 51.7 | 51.0 | 732 | 726 | 71.0 | 622 | 574 | 61.6 | 63.9 | 63.5 | 63.2 | 67.2 | 65.5 | 66.1
2000 43.0 | 447 | 440 | 655 | 64.7 | 63.2 | 545 | 491 | 535 | 56.3 | 55.4 | 55.5 | 59.7 | 57.7 | 58.2
4000 351 | 372 | 366 | 571 | 56.2 | 54.7 | 464 | 40.3 | 44.7 | 483 | 469 | 47.2 | 51.8 | 49.4 | 50.0
6300 29.7 | 321 | 315 | 511 | 50.2 | 48.8 | 40.9 | 34.0 | 38.7 | 42.7 | 41.0 | 414 | 465 | 43.7 | 445
10000 240 | 26.7 | 26.0 | 445 | 43.8 | 42.2 | 351 | 27.0 | 323 | 36.6 | 34.7 | 35.1 | 40.7 | 37.6 | 38.6
16000 181 | 211 | 20.2 | 371 | 36.7 | 348 | 291 | 194 | 25.6 | 29.7 | 27.7 | 28.0 | 34.2 | 30.9 | 32.1
25000 13.3 | 16.0 | 152 | 293 | 29.3 | 27.0 | 232 | 11.9 | 19.2 | 22.8 | 20.7 | 21.0 | 27.3 | 24.0 | 25.2
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Table E-15. PA-28 Lgpny NPDs.

PA-28
Lepn 300 Series (RS=105) | 400 Series (RS=95) | 500 Series (RS=79) |600 Series (RS=100)| 700 Series (RS=80)
Dist. (ft) | Left |Center| Right | Left [Center| Right | Left |Center| Right | Left |Center| Right | Left |Center| Right
200 90.8 | 915 | 904 | 86.5 | 875 | 86.8 [ 953 | 96.2 | 950 | 79.3 | 80.6 | 791 | 775 | 783 | 773
400 86.9 | 875 | 864 | 824 | 83.6 | 82.6 [ 91.3| 922 | 909 | 755 | 765 | 752 | 743 | 74.2 | 73.1
630 84.0 | 84.7 | 834 | 79.3 | 80.7 | 79.2 | 884 | 89.3 | 87.8 |725| 734 | 721|703 | 714 | 69.7
1000 80.8 | 814 | 799 | 758 | 775 | 755 | 85.0 | 86.0 | 84.2 | 69.3 | 70.2 | 68.7 | 67.0 | 68.1 | 66.3
2000 754 | 759 | 740 | 701 | 719 | 69.2 [79.2| 80.3 | 78.2 | 63.7 | 644 | 626 [ 61.1| 62.2 | 60.1
4000 68.8 | 69.3 | 66.9 | 629 | 651 | 614 | 727 | 73.8 | 71.2 | 558 | 56.9 | 54.2 [ 53.1 | 544 | 51.6
6300 63.6 | 642 | 613 | 572 | 59.8 | 55.0 | 67.6 | 68.8 | 65.8 | 49.3 | 50.4 | 47.2 [ 45.8 | 47.6 | 444
10000 57.3 | 579 | 54.3 | 499 | 531 | 46.8 | 61.6 | 63.0 | 594 |41.2 | 42.7 | 384 | 376 | 394 | 355
16000 49.3 | 49.6 | 46.0 | 40.7 | 445 | 353 | 543 | 554 | 51.3 | 28.8 | 32.2 | 25.6 | 26.8 | 26.3 | 234
25000 385 | 387 | 344 | 274 | 333 | 22.3 |44.7| 458 | 408 | 169 | 222 | 135 |16.5| 13.9 | 12.0
Leew | 800 Series (RS=70) | 900 Series (Rs=87) | (58 S iy 2 Ract08)
200 772 | 774 | 76.2 | 96.7 | 969 | 944 | 89.2 | 87.6 | 87.1 | 89.3 | 89.7 | 87.5 | 91.5 | 90.3 | 90.4
400 731 | 73.0 | 726 | 926 | 92.8 | 90.4 | 84.7 | 82,5 | 82.6 | 84.8 | 85.3 | 82.9 | 87.5 | 86.2 | 86.3
630 69.3 | 70.1 | 69.0 | 895 | 89.8 | 874 | 815|787 | 79.1 815|820 | 79.6 | 84.6 | 83.2 | 83.1
1000 65.3 | 670 | 654 | 86.2 | 864 | 84.0 | 779 | 746 | 753 | 78.0 | 784 | 76.0 | 81.3 | 79.7 | 79.6
2000 58.3 | 61.1 | 59.1 | 805 | 80.7 | 781 | 71.7 | 676 | 68.6 | 72.0 | 721 | 70.0 | 75.7 | 73.8 | 73.8
4000 49.7 | 53.7 | 506 | 739 | 741 | 713 | 645 | 58.7 | 60.5 | 64.7 | 64.7 | 62.6 | 69.1 | 66.9 | 66.9
6300 42.3 | 47.0 | 439 | 68.7 | 69.1 | 66.0 | 59.0 | 51.2 | 54.1 | 59.1 | 58.8 | 56.7 | 64.1 | 61.5 | 61.6
10000 33.3 | 388 | 353 | 62.7 | 63.0 | 59.8 | 52.2 | 412 | 46.2 | 52.0 | 51.6 | 49.3 | 58.3 | 55.1 | 55.2
16000 221 | 276 | 22.3 | 54.9 | 55.0 | 52.0 | 42.8 | 29.2 | 34.8 | 43.0 | 415 | 39.3 | 50.9 | 46.2 | 47.0
25000 114 | 17.0 9.9 | 451 | 449 | 415 | 30.7 | 17.9 | 242 | 30.1 | 28.1 | 24.1 | 414 | 35.0 | 36.2
Table E-16. PA-28 LPNTSmx NPDs.
PA-28
Lentsmx | 300 Series (RS=105) | 400 Series (RS=95) | 500 Series (RS=79) [600 Series (RS=100)| 700 Series (RS=80)
Dist. (ft) | Left |Center| Right | Left [Center| Right | Left |Center| Right| Left |Center| Right | Left |Center| Right
200 98.3 | 989 | 98.7 | 934 | 953 | 94.1 [102.2]| 102.6 |102.4|86.0 | 87.5 | 85.6 [ 85.4 | 82.8 | 81.9
400 915 | 921 | 918 | 864 | 885 | 87.0 | 953 | 957 | 953 |79.1| 804 | 786 | 77.5| 75.8 | 75.0
630 86.9 | 87.3 | 87.0 | 81.5 | 83.7 | 819 | 90.5| 90.8 | 90.3 | 745 | 755 | 73.7 [ 72.3| 71.0 | 70.2
1000 818 | 821 | 816 | 76.1 | 787 | 76.3 | 854 | 85.7 | 84.9 |69.4 | 704 | 68.5 | 66.6 | 66.0 | 65.2
2000 737 | 739 | 728 | 67.7 | 705 | 66.7 | 77.2 | 775 | 76.0 |61.3 | 621 | 60.1 [ 57.0 | 57.7 | 56.6
4000 644 | 64.7 | 63.3 | 58.1 | 61.0 | 564 | 68.2 | 68.4 | 664 |51.2| 52.2 | 49.8 [45.9 | 47.5 | 46.0
6300 575 | 57.8 | 56.1 | 50.9 | 54.1 | 48.6 | 61.5 | 61.6 | 59.2 [43.2]| 44.0 | 411 |36.2| 39.1 | 37.2
10000 | 49.8 | 50.1 | 47.9 | 423 | 459 | 388 | 54.0 | 54.1 | 51.3 [ 33.7 | 35.0 | 31.2 | 24.7| 29.5 | 27.2
16000 | 404 | 404 | 381 | 319 | 358 | 27.0 | 453 | 449 | 418 [20.0| 233 | 170 | 9.6 | 145 | 133
25000 28.6 | 281 | 262 | 16.8 | 232 | 87 [344 | 339|303 | 56 | 65 1.8 | 20 | 1.7 1.7
Lewrsms | 800 Series (RS=70) | 900 Series (Rs=87) | " (od Seree ety 2 Rec08
200 81.8 | 83.0 | 81.9 | 103.5| 104.1 | 102.1 | 95.1 | 90.4 | 93.5 | 95.3 | 95.3 | 93.9 | 99.3 | 96.8 | 98.6
400 746 | 76.0 | 749 | 966 | 971 | 951 | 87.9 | 82.8 | 86.3 | 88.2 | 88.1 | 86.8 | 92,5 [ 89.9 | 91.5
630 69.6 | 71.3 | 701 | 919 | 923 | 90.2 | 828 | 77.2 | 81.2 | 83.2 | 83.0 | 81.8 | 87.9 | 85.1 | 86.6
1000 64.2 | 66.3 | 651 | 868 | 86.9 | 848 | 773 | 713|756 | 779|775 |76.6 |828|799 812
2000 55.0 | 57.8 | 56.6 | 786 | 783 | 76.1 | 68.6 | 61.7 | 66.0 | 69.5 | 68.5 | 68.2 | 745 | 71.5 | 72.8
4000 435 | 479 | 461 | 69.3 | 69.0 | 66.7 | 58.7 | 50.4 | 55.7 | 59.8 | 58.5 | 58.4 | 65.3 | 62.1 | 63.3
6300 342 | 393 | 373 | 624 | 621 | 59.6 | 51.7 | 41.2 | 48.0 | 52.6 | 51.3 | 51.1 | 58.5 | 55.1 | 56.3
10000 235 | 294 | 281 | 545 | 544 | 519 | 43.7 | 29.9 | 383 | 444 | 424 | 424 | 511 | 47.2 | 483
16000 10.0 | 16.0 | 13.8 | 455 | 450 | 425 | 325 | 17.2 | 26,5 | 33.9 | 31.1 | 31.0 | 42.5 | 37.0 | 38.6
25000 1.7 2.3 19 | 345 | 337 | 306 | 19.0| 2.8 | 105|194 | 16.2 | 14.3 | 31.6 | 249 | 27.0
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E.1.5 Beech 1900D

Table E-17. 1900D Lsg NPDs.
1900D
La | 300 Series (RS=220) 400 Series 5?52‘1%23)8 6?82‘1*23)5 7?82‘1*;3?
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 909 | 914 | 91.2 NA NA NA |88.6| 89.4 |[89.2 88.3| 90.6 | 90.1 |88.8| ND | 93.8
400 87.2 | 876 | 874 NA NA NA |84.6| 85.7 | 85.8 |84.7| 86.4 | 86.4 |854| ND | 89.0
630 845 | 849 | 8438 NA NA NA |82.0] 83.2 | 83.3 [82.1| 83.9 | 83.6 [83.0/ ND | 86.1
1000 816 | 819 | 81.8 NA NA NA |79.3| 80.5 | 80.6 |[79.3| 81.0 | 80.7 [80.3| ND | 83.1
2000 76.6 | 77.0 | 76.8 NA NA NA |74.9]| 76.0 | 76.0 |74.7| 76.3 | 76.0 |75.7| ND | 78.5
4000 709 | 71.3 | 70.9 NA NA NA |70.0] 70.9 | 70.8 |[69.2| 70.7 | 70.4 |70.3| ND | 73.0
6300 66.6 | 67.1 | 664 NA NA NA |66.4| 67.2 | 66.9 |[65.0| 66.2 | 66.1 |66.1| ND | 68.8
10000 61.8 | 625 | 61.3 NA NA NA |62.4| 63.1 | 62.560.0| 60.9 | 60.9 |[61.1| ND | 63.7
16000 56.2 | 57.4 | 555 NA NA NA |57.8| 58.5 | 57.4 |54.0| 54.6 | 54.7 |54.9| ND | 574
25000 50.0 | 52.2 | 491 NA NA NA |52.8| 53.7 | 51.7 |47.4| 48.2 | 47.9 |48.3| ND | 50.2
Lae 800 Series (RS=115) | 900 Series (RS=160) 1100 Series 1200 Series 2000 Series
200 89.1 ND | 92.3 | 87.7 ND | 89.8 | NA | NA [ NA | NA | NA | NA | NA | NA | NA
400 85.5 ND | 88.1 | 84.0 ND | 86.0 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
630 83.1 ND | 853 | 815 | ND | 834 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 80.4 ND | 824 | 78.7 ND | 80.7 | NA | NA [ NA | NA | NA | NA | NA | NA | NA
2000 76.0 ND | 77.8 | 743 ND | 762 | NA | NA | NA | NA| NA | NA| NA | NA | NA
4000 70.8 ND | 724 | 694 ND | 711 [ NA | NA [ NA | NA | NA | NA | NA | NA | NA
6300 66.7 ND | 68.3 | 658 | ND | 673 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
10000 61.7 ND | 63.2 | 61.7 ND | 631 | NA | NA [ NA | NA | NA | NA| NA| NA | NA
16000 55.7 ND | 571 | 571 ND | 581 [ NA | NA [ NA | NA | NA | NA | NA | NA | NA
25000 | 49.2 ND | 50.3 | 52.2 ND | 525 | NA | NA [ NA | NA | NA | NA | NA | NA | NA
Table E-18. 1900D Lasmx NPDs.
1900D
Lasme | 300 Series (RS=220) 400 Series 5‘2’32‘1*23)5 6‘2’32‘1*23)5 7?32‘1*5'3)5
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 90.2 | 90.2 | 90.2 NA NA NA |87.2| 87.9 | 88.8859| 87.8 | 88.2 |85.7| ND | 89.8
400 83.7 | 83.7 | 83.7 NA NA NA |80.8| 81.5 [82.3|79.4| 81.2 [ 81.6|79.3| ND | 83.0
630 79.2 | 793 | 79.2 NA NA NA |765| 772 | 779 |75.0| 76.8 | 77.1|75.0]| ND |78.5
1000 745 | 746 | 745 NA NA NA |721] 72.7 | 73.3|70.3| 72.2 | 724 |704| ND | 73.9
2000 66.8 | 67.0 | 66.9 NA NA NA |65.1| 65.7 | 66.0 |63.0| 64.9 | 64.8 |63.2| ND | 66.6
4000 58.4 | 58.8 | 584 NA NA NA |57.6| 58.1 | 58.2 |55.0| 56.7 | 56.5 |55.3| ND | 58.5
6300 524 | 529 | 52.3 NA NA NA |52.4| 52.7 | 52.7 |49.2| 50.6 | 50.5 |49.5| ND |52.7
10000 459 | 46.7 | 45.6 NA NA NA |46.7| 46.9 | 46.6 |42.5| 43.5 | 43.7 |42.8| ND | 459
16000 38.6 | 39.9 | 38.0 NA NA NA |40.5| 40.5 | 39.7 |34.9| 354 | 358|351 ND |37.8
25000 30.9 | 33.2 | 30.0 NA NA NA |33.9] 34.0 [ 323|269 271 | 27.3|26.7| ND | 28.9
L asmx 800 Series (RS=115) | 900 Series (RS=160) 1100 Series 1200 Series 2000 Series
200 85.7 ND | 89.1 | 86.2 ND | 888 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
400 79.2 ND | 824 [ 798 | ND | 824 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
630 74.9 ND | 779 | 755 | ND | 781 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
1000 70.4 ND | 733 | 711 ND | 736 | NA | NA [ NA | NA [ NA | NA | NA | NA | NA
2000 63.2 ND | 66.1 | 64.1 ND | 666 | NA | NA [ NA | NA | NA | NA | NA | NA | NA
4000 55.4 ND | 58.1 | 56.6 | ND | 59.0 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
6300 49.7 ND | 523 | 514 | ND | 536 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
10000 | 43.3 ND | 45.7 | 457 | ND | 477 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
16000 35.8 ND | 378 [ 394 | ND | 410 | NA | NA | NA [ NA | NA | NA | NA | NA | NA
25000 27.8 ND | 29.2 | 329 | ND | 337 | NA | NA | NA [ NA [ NA | NA | NA | NA | NA

E-10




Table E-19. 1900D Lgpy NPDs.
1900D
Leew | 300 Series (RS=220) 400 Series 5‘2’82‘1*23)5 6‘2’82‘1*23)5 7‘2’82‘1*23)5
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right
200 944 | 958 | 945 NA NA NA [94.9] 95.0 [ 93.8 [91.4| 93.8 | 93.4 |92.1| ND | 971
400 90.2 | 91.5 | 90.2 NA NA NA [90.6| 91.1 | 90.2 [87.2| 89.2 | 89.5|88.2| ND |92.0
630 87.1 | 88.6 | 871 NA NA NA [87.7| 88.3 | 87.6 [84.4| 86.3 | 86.4 |85.4| ND | 88.6
1000 83.7 | 854 | 835 NA NA NA [84.7| 853 | 84.6 [81.2| 83.1 [83.2|823| ND |853
2000 782 | 798 | 779 NA NA NA |79.7| 80.3 | 794 [758| 77.7 | 77.7 |77.0| ND | 80.1
4000 716 | 733 | 713 NA NA NA |73.7| 742 | 73.2(69.1| 711 | 71.0|70.5| ND |73.7
6300 66.5 | 68.3 | 66.1 NA NA NA [69.2| 69.6 | 684 [64.0| 66.0 | 65.8 |65.4| ND | 68.6
10000 60.7 | 62.7 | 59.9 NA NA NA [64.0| 64.2 | 62.7 |57.7| 59.7 | 59.4 |59.2| ND |62.4
16000 53.0 | 55.8 | 51.9 NA NA NA [57.8| 57.8 | 55.8 [49.2| 51.2 | 50.8 |50.8| ND | 54.3
25000 433 | 474 | 418 NA NA NA [49.9| 50.1 | 46.7 [37.5] 39.3 [ 39.0 |39.3| ND |[42.7
Lepn 800 Series (RS=115) | 900 Series (RS=160) 1100 Series 1200 Series 2000 Series
200 92.4 ND 97.1 | 93.6 ND 945 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 88.5 ND 92.1 | 89.6 ND 90.5 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 85.7 ND 88.7 | 86.8 ND 87.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 82.7 ND 85.2 | 83.8 ND 84.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 77.6 ND 80.0 | 78.6 ND 79.5 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 71.0 ND 73.7 | 725 ND 734 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 66.0 ND 68.6 | 68.0 ND 68.7 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 59.9 ND 62.2 | 62.7 ND 63.2 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 51.8 ND 54.1 | 56.2 ND 56.5 | NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 40.1 ND | 424 | 48.0 ND | 477 | NA | NA | NA | NA | NA | NA | NA | NA | NA
Table E-20. 1900D LPNTSmx NPDs.
1900D
Lenrsme | 300 Series (RS=220) 400 Series Ty O RSotb0) sy
Dist. (ft) | Left [Center| Right | Left [Center| Right | Left |Center|Right| Left |Center|Right| Left |[Center|Right
200 103.9 | 105.2 | 103.4 | NA NA NA [104.5{104.3 [104.6{99.1|101.3 [101.6[{99.4| ND [103.6
400 97.2 | 98.6 | 96.6 NA NA NA [98.0| 97.8 [98.0 [92.3| 946 | 94.9 [92.8| ND | 96.6
630 924 | 941 | 91.9 NA NA NA [93.6 | 93.4 [93.4 [87.7| 90.0 | 90.3 [88.2] ND |92.0
1000 87.3 | 89.2 | 86.9 NA NA NA [88.9 | 88.6 | 88.5(82.8| 85.1 | 85.3 |83.3| ND |87.1
2000 79.2 | 81.0 | 78.6 NA NA NA [81.4 | 81.0 [80.6 |74.7| 771 |77.2|754| ND |79.1
4000 70.0 | 71.8 | 69.3 NA NA NA 727|722 |71.6 |65.6| 67.9 | 67.9 |66.4| ND |70.1
6300 63.2 | 65.3 | 62.5 NA NA NA |66.4 | 65.9 [65.2 |58.8| 61.2 | 61.0 (59.7| ND |63.3
10000 55.6 | 58.1 | 54.7 NA NA NA [59.5| 58.9 [57.9|51.1| 53.3 | 53.1 [52.1]| ND |554
16000 464 | 49.7 | 455 NA NA NA [51.7| 50.9 [49.5|41.0| 434 |42.9 [423| ND |45.9
25000 354 | 40.0 | 34.2 NA NA NA [42.7] 419 [39.0[28.5| 30.8 | 30.3 [29.9] ND |334
Lentsmx | 800 Series (RS=115) | 900 Series (RS=160) 1100 Series 1200 Series 2000 Series
200 100.0 | ND [103.3 1035 ND | 1042 | NA | NA | NA | NA | NA | NA | NA | NA | NA
400 93.3 ND 96.6 | 97.0 ND 97.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
630 88.8 ND 92.1 | 92.6 ND 93.1 | NA | NA | NA | NA | NA | NA | NA | NA | NA
1000 83.9 ND 87.2 | 87.8 ND 88.4 | NA | NA | NA | NA | NA | NA | NA | NA | NA
2000 76.1 ND 79.3 | 80.0 ND 80.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
4000 66.8 ND 70.3 | 71.1 ND 719 | NA | NA | NA | NA | NA | NA | NA | NA | NA
6300 60.1 ND 63.5 | 64.8 ND 65.6 | NA | NA | NA | NA | NA | NA | NA | NA | NA
10000 52.6 ND 55.6 | 57.9 ND 584 | NA | NA | NA | NA | NA | NA | NA | NA | NA
16000 43.6 ND | 46.1 | 50.0 ND 50.2 | NA | NA | NA | NA | NA | NA | NA | NA | NA
25000 31.9 ND 33.8 | 40.5 ND | 402 | NA | NA | NA | NA | NA | NA | NA | NA | NA




E.1.6 Eurocopter EC-130

Table E-21. EC-130 Lsg NPDs.

EC-130
La | 120 Series (RS=115) | 130 Series (RS=125) 1‘;032‘1’3%5 150 Series (Rs=88)|160 Series (RS=76) 1?;’32‘1*3;’)5‘
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right| Left |Center|Right
200 89.5 | 87.2 | 89.0 | 911 | 88.3 | 89.3 |88.4| 87.2 | 88.8 (89.6| 86.4 | 88.7 [88.9| 86.6 | 89.0 [90.6| 85.3 | 88.8
400 854 | 83.3 | 845 | 86.8 | 84.6 | 854 |84.5| 834 | 84.9 854 | 82.5 | 84.7 [85.1| 82.8 | 85.0 [86.6| 81.1 | 84.8
630 825 | 80.7 | 81.6 | 83.7 | 82.0 | 82.7 |81.7| 80.6 | 82.1 |82.5| 79.7 | 81.9(82.3| 80.2 | 82.1 [83.7| 78.1 | 82.0
1000 794 | 778 | 784 | 80.3 | 791 | 79.8 |78.6| 77.7 | 78.8 |79.2| 76.7 | 78.7 |79.2| 77.3 | 78.8 |80.5| 74.8 | 78.8
2000 74.0 | 728 | 729 | 743 | 743 | 748 |73.2| 728 | 732 |73.4| 71.7 | 73.3 |73.8| 723 | 73.1[749| 69.3 | 73.2
4000 67.5 | 669 | 66.3 | 66.9 | 68.6 | 69.1 |66.7| 66.9 | 66.4 |[66.3| 65.8 | 66.7 |[67.3| 66.6 | 66.1 [68.1| 62.9 | 66.3
6300 625 | 624 | 610 | 611 | 641 | 64.8 |61.6| 624 | 61.0 |60.9| 61.3 | 61.7 [62.3| 62.3 | 60.7 |62.8| 58.3 | 61.1
10000 | 56.7 | 571 | 54.9 | 54.2 | 59.2 | 59.7 |55.8| 57.2 | 54.8 |54.5| 56.3 | 55.8 |56.5| 57.4 | 54.5 |56.8| 53.3 | 55.2
16000 | 50.5 | 51.6 | 48.0 | 46.9 | 53.8 | 54.1 |49.4| 51.6 | 48.0 |47.5| 50.9 | 49.5 |50.3| 52.0 | 47.8 |[50.3 | 48.6 | 48.8
25000 | 45.0 | 46.8 | 416 | 40.1 | 48.7 | 49.0 |43.8| 46.3 | 41.6 [41.2| 46.6 | 44.3 |44.8| 46.9 | 41.6 |44.7| 44.2 | 431
Lae 210 Series (RS=65) 310 Series (RS=65) [320 Series (RS=65)|330 Series (RS=65)(340 Series (RS=80)|350 Series (RS=60)
200 90.5 | 87.7 | 87.8 | 93.7 | 93.2 | 925 | 94.5|93.8 1922|1942 1943|911 971|927 | 93.7 | 947 | 93.7 | 91.3
400 86.2 | 83.7 | 83.9 | 89.9 | 89.9 | 89.1 |90.7 | 90.5|88.8|90.5|91.0|87.5|93.2|89.2|90.0|90.8|90.4 |87.7
630 83.0 | 808 | 812 | 871 | 876 | 86.6 | 879 |88.1|86.4|87.7|88.6 850|904 |86.8|87.4|88.1|88.1|853
1000 794 | 778 | 781 | 83.8 | 85.0 | 83.9 |84.8|856 |83.8|84.7|86.1|823|87.3|84.2|84.5|85.0|85.6]826
2000 731 | 726 | 731 | 782 | 80.8 | 79.3 | 795|814 |79.2|79.5|82.0|776|81.8|79.7|79.6|79.6 |81.6|78.0
4000 655 | 666 | 67.2 | 714 | 758 | 73.9 | 731|764 |738|732|772|722|750|746|73.6|73.2|76.7|72.6
6300 59.6 | 62.0 | 62.8 | 66.2 | 71.8 | 69.8 | 68.1|72.6 |69.6 |68.3|73.5|68.1|69.6|70.6|688|683]|729]68.6
10000 | 52.8 | 56.8 | 57.7 | 60.1 | 67.3 | 65.1 | 62.2 | 68.1 |64.6 |62.5|69.1|63.3|63.0|659|63.0]|625]|683]63.9
16000 | 45.8 | 51.5 | 524 | 53.2 | 619 | 59.5 | 55.3 | 62.8 | 58.9 | 55.6 | 63.8 | 57.9 | 55.3 | 60.2 | 56.4 | 55.7 | 62.8 | 58.5
25000 | 39.1 | 464 | 474 | 465 | 56.1 | 53.5 | 48.2 | 57.0 |53.0 | 48.6 | 579|522 |47.4|54.1 504 |48.6 | 56.5|52.8
Table E-22. EC-130 Lasmx NPDs.
EC-130
Lasme | 120 Series (RS=115) | 130 Series (RS=125) 1‘;032‘1*3%5 150 Series (RS=88)160 Series (RS=76) 1%032‘1*:)'%5
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right| Left |Center|Right
200 86.5 | 827 | 856 | 89.0 | 829 | 86.1 |85.6| 82.3 | 84.9 854 | 80.3 | 84.2 |84.3| 80.7 | 84.7 |86.5| 784 | 85.7
400 79.7 | 76.0 | 789 | 821 | 76.2 | 79.5 |78.8| 758 | 78.2 |78.6| 73.6 | 77.5|77.6| 741 [77.9 |79.7| 714 | 789
630 751 | 714 | 742 | 773 | 717 | 750 |74.2| 714 | 73.5|73.9| 69.0 | 72.8 [72.9| 69.7 [ 73.2 |75.0| 66.7 | 74.2
1000 70.1 | 66.6 | 69.1 | 721 | 66.8 | 70.1 |69.2]| 66.7 | 68.5 |68.8| 64.2 | 67.9 |67.9| 64.9 | 68.1 |[70.0| 61.6 | 69.1
2000 61.8 | 58.7 | 60.9 | 63.3 | 59.2 | 624 |60.9| 59.2 | 60.2 |60.3| 56.6 | 59.7 |59.7| 57.3 | 59.5 |61.6| 53.5 | 60.7
4000 52.5 | 50.0 | 51.5 | 53.1 | 50.6 | 53.7 |51.5]| 50.7 | 50.7 |50.6| 48.0 | 50.6 |50.4 | 48.7 | 49.7 |52.1| 44.5 | 511
6300 455 | 436 | 444 | 455 | 444 | 472 |44.6| 445 | 43.6 |434| 41.8 | 43.8 [43.6| 424 | 425 |45.1| 38.0 | 44.0
10000 | 376 | 364 | 364 | 36.8 | 374 | 39.8 |36.7| 37.5 | 358 |35.1| 35.1 [ 36.1 [36.0| 355 | 34.5|37.2| 309 | 359
16000 | 28.7 | 285 | 271 | 26.9 | 29.8 | 31.6 |28.0| 29.5 | 26.8 |25.8| 27.8 | 27.3 |27.5| 27.8 | 25.5 |28.2| 23.8 | 26.9
25000 | 204 | 211 | 183 | 174 | 224 | 239 |19.8| 216 | 184 |17.3| 209 [ 19.2 [19.6]| 20.8 | 17.5 |20.2]| 17.5 | 18.8
Lasmx 210 Series (RS=65) | 310 Series (RS=65) |320 Series (RS=65)/330 Series (RS=65)(340 Series (RS=80)|350 Series (RS=60)
200 852 | 81.2 | 82.2 | 89.3 | 89.9 | 87.7 | 90.4 | 88.3 | 86.6 | 90.1 | 89.2 | 86.8 | 93.2 | 88.2 | 90.0 | 90.7 | 89.6 | 86.0
400 782 | 744 | 755 | 824 | 83,5 | 81.3 | 83.6 | 82.0 | 80.1 | 83.4 | 82.9 | 80.2 | 86.5 | 81.8 | 83.5 | 83.9 [ 83.2 | 79.6
630 732 | 698 | 709 | 77.7 | 79.2 | 77.0 | 79.0 | 77.8 | 75.7 | 78.7 | 78.7 | 758 | 81.8 | 77.6 [ 79.0 | 79.3 [79.0 | 753
1000 67.8 | 648 | 659 | 725 | 746 | 72.6 | 74.0 | 734|711 |73.7 743|711 [76.8|731 744|743 |745|70.8
2000 58.6 | 56.9 | 58.1 | 63.9 | 674 | 655 | 65.9 | 66.6 | 64.0 | 65.5 | 67.3 | 63.6 | 68.6 | 66.1 | 66.7 | 66.1 | 67.5 | 63.8
4000 48.1 | 48.0 | 493 | 543 | 59.4 | 57.6 | 56.7 | 59.1 | 56.0 | 56.3 | 59.8 | 55.5 | 59.3 | 58.3 | 58.1 | 56.9 | 59.7 | 56.0
6300 404 | 415 | 429 | 475 | 53.4 | 51.9 | 50.0 | 53.7 | 50.2 | 49.7 | 54.4 | 49.7 | 52.3 | 52.7 | 51.6 | 50.2 | 53.9 | 50.3
10000 | 319 | 342 | 357 | 39.9 | 468 | 455 |42.3 |47.6 | 436 |42.2 |48.3 |43.3 443 |46.3|43.9|425|47.3|4338
16000 | 223 | 26.2 | 27.8 | 311 | 39.7 | 38.1 [33.6 |40.6 |36.3 |33.5|41.3|36.1|35.0|39.0]351]33.6]39.9]36.3
25000 | 14.3 | 189 | 204 | 224 | 324 | 30.1 | 24.6 | 33.2 | 28.7 | 246 | 33.8|28.7 | 252 312|264 | 245|321 | 2838
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Table E-23. EC-130 LEPN NPDs.

EC-130
Leen | 120 Series (RS=115) | 130 Series (RS=125) 1‘;082‘1*5';*)5 150 Series (RS=88) | 160 Series (RS=76) "g’si‘;;'f)s
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right | Left |Center| Right| Left |Center|Right | Left |Center| Right
200 929 | 905 | 921 | 940 | 91.7 | 929 (916 89.9 [ 91.8 |92.7| 89.3 | 919 [92.4| 89.6 | 92.1 | 944 | 88.5 | 92.6
400 884 | 859 | 87.3 | 895 | 87.7 | 88.8 [87.4| 856 | 87.6 |88.2| 84.8 | 87.5 [88.0 | 854 | 87.7 | 90.1 | 83.7 | 88.3
630 85.1 | 82.8 | 84.0 | 86.2 | 84.6 | 857 [84.2| 825 | 844 |84.9| 81.7 | 84.2 (849 | 82.3 | 845 |87.0| 80.2 | 85.1
1000 814 | 793 | 804 | 823 | 81.2 | 82.1 [80.5| 79.3 | 80.7 |81.2| 78.3 | 80.5 [81.3| 79.1 | 80.6 |83.2| 76.5 | 81.3
2000 748 | 734 | 737 | 75.0 | 753 | 76.3 | 74.0| 734 | 74.0 | 743 | 723 | 741|749 | 73.3 | 73.7 |76.6| 70.0 | 74.8
4000 66.6 | 66.0 | 655 | 654 | 679 | 69.1 659 | 66.1 | 65.3 |65.3| 64.9 | 66.1 |66.7 | 66.0 | 64.9 [68.5| 61.7 | 66.6
6300 60.1 | 59.8 | 59.1 | 58.2 | 62.3 | 634 |59.5| 604 | 58.6 | 58.5| 58.9 | 59.5 | 60.0 | 60.0 | 57.9 [ 62.0 | 54.5 | 60.0
10000 | 519 | 519 | 505 | 49.2 | 546 | 559 |514 | 529 | 50.0 [49.5]| 51.2 | 50.9 |51.5| 52.5 | 48.7 | 53.1| 45.3 | 51.0
16000 | 394 | 40.5 | 376 | 34.8 | 43.7 | 451 |39.3| 41.8 | 36.3 |35.2| 40.0 | 384 |38.7| 41.7 | 33.9 | 39.4| 31.8 | 37.1
25000 | 224 | 27.0 | 225 | 211 | 258 | 279 [223| 29.5 [ 21.3 |118.1| 26.8 | 20.7 [21.1| 26.2 | 17.3 | 20.8 | 19.1 | 24.0
Lepn 210 Series (RS=65) 310 Series (RS=65) |320 Series (RS=65)|330 Series (RS=65)|340 Series (RS=80) | 350 Series (RS=60)
200 935 | 909 | 915 | 966 | 96.3 | 952 | 974 | 96.7 [ 951 | 97.0 | 97.3 | 94.1 [ 994 | 951 | 96.3 | 97.7 | 96.5 | 94.2
400 89.0 | 86.3 | 87.1 | 92.3 | 92.7 | 914 [ 93.3 | 931914 929 |93.6 | 90.0 [ 95.2 | 91.3 | 92.3 | 93.5 | 93.0 | 90.4
630 85.6 | 83.1 | 839 | 89.1 | 90.1 | 88.7 [ 90.3 | 90.5|88.7 |89.9 911|873 921|886 |89.5|90.5|904 |87.6
1000 81.6 | 794 | 80.3 | 855 | 87.2 | 85.6 | 86.7 | 87.6 | 85.7 | 86.5 | 88.3 | 84.2 | 88.4 | 85.7 | 86.4 | 86.9 | 87.6 | 84.6
2000 73.8 | 731 | 743 | 788 | 822 | 80.3 | 80.2 | 82.7 | 80.4 | 80.3 | 83.5 | 79.0 | 81.8 | 80.7 | 80.9 | 80.6 | 82.7 | 79.2
4000 63.7 | 652 | 66.6 | 70.7 | 76.1 | 739 | 728 |76.7 | 74.0 [ 729 |77.7 | 725|739 | 746|739 |731|76.8|727
6300 55.9 | 589 | 60.2 | 646 | 715 | 69.1 | 66.9 | 72.3 | 68.8 | 67.2 | 73.3 | 67.5 | 679 | 70.0 | 68.0 | 67.4 | 724 | 67.8
10000 | 45.7 | 511 | 52.2 | 571 | 66.2 | 63.3 | 59.8 | 67.0 | 62.8 | 60.2 | 68.2 | 61.6 | 60.4 | 64.5 | 60.6 | 60.5 | 67.1 | 62.1
16000 | 27.1 | 39.0 | 414 | 47.0 | 59.0 | 55.5 | 50.0 | 60.0 | 54.6 | 50.7 | 61.5 | 53.6 | 50.6 | 56.8 | 51.1 | 51.0 | 59.9 | 54.1
25000 9.4 274 | 249 | 339 | 496 | 456 | 35.1 | 50.8 | 43.9 | 36.2 | 52.7 | 43.0 | 36.0 | 46.9 | 38.4 | 36.8 | 50.1 | 43.7
Table E-24. EC-130 LPNTSmx NPDs.
EC-130
Lentsmx | 120 Series (RS=115) | 130 Series (RS=125) 140 Series(RS=101)|150 Series (RS=88)|160 Series (RS=76)|180 Series (RS=101)
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right | Left |Center|Right| Left |Center|Right
200 99.6 | 951 | 99.2 | 102.6 | 95.7 | 99.1 |99.1| 94.8 | 98.4 |99.1| 93.2 | 97.8 | 98.0| 93.7 | 98.1 [100.4| 91.6 | 99.5
400 92.6 | 88.0 | 92.0 | 956 | 88.7 | 92.1 |92.1| 87.9 | 914 |92.1| 86.1 | 90.8 |91.0] 86.8 | 91.0 | 93.4 | 84.2 | 92.5
630 87.7 | 829 | 87.1 | 906 | 83.7 | 874 |87.1| 83.2 | 864 |87.1| 81.2 | 859 |86.1| 82.1 | 86.1 [88.4 | 789 | 87.5
1000 822 | 777 | 817 | 850 | 784 | 82.2 |81.6| 78.1 | 81.0|81.7| 76.0 | 80.5 |80.6| 76.9 | 80.6 | 829 | 73.4 | 81.9
2000 73.0 | 69.1 | 725 | 752 | 69.9 | 740 [723| 698 | 718 |72.3| 67.7 | 716 |716| 68.4 | 711|735 | 645 | 725
4000 622 | 59.1 | 619 | 62.8 | 60.3 | 644 |61.4| 60.0 | 60.6 |60.7 | 57.8 | 61.1 |60.9| 584 | 59.6 | 62.8 | 54.1 | 61.7
6300 541 | 519 | 538 | 545 | 529 | 56.9 |53.2| 53.0 | 52.6 |52.4 | 50.0 | 53.1 |52.7| 51.0 | 51.2 | 54.8 | 45.6 | 53.6
10000 | 44.4 | 431 | 43.7 | 441 | 441 | 477 |434| 443 | 425 |42.0| 41.3 | 429 [425]| 42.0 | 404 | 448 | 35.2 | 433
16000 | 31.2 | 30.6 | 30.1 | 30.2 | 322 | 358 |30.1| 32.1 | 28.3 |274| 294 | 296 [29.4| 295 | 249 [ 30.1 | 152 | 283
25000 | 10.8 | 7.5 6.4 2.0 141 | 183 [ 92| 99 | 88 |53 | 58 | 95 |[100]| 106 | 74 | 84 | 11 4.1
Lentsmx | 210 Series (RS=65) | 310 Series (RS=65) |320 Series (RS=65)|330 Series (RS=65) | 340 Series (RS=80) |350 Series (RS=60)
200 98.3 | 944 | 957 | 102.6 | 103.1 | 100.5 |103.7 | 101.6| 99.8 | 103.3|102.4 | 99.9 | 105.7 |100.9 | 102.9103.6 | 102.1 | 98.6
400 911 | 87.1 | 886 | 956 | 964 | 939 | 96.7 | 951 | 93.1 | 96.3 | 95.8 | 93.1 ] 98.8 | 94.3 | 96.1 | 96.7 | 95.5 | 91.9
630 86.0 | 82.0 | 836 | 906 | 919 | 89.4 | 918 |90.7 | 885|914 | 914 [ 884|939 [ 899|916 | 91.8 | 91.0 | 875
1000 80.2 | 76.7 | 781 | 85.0 | 87.0 | 84.8 | 86.3 | 86.0 | 83.7 | 86.1 | 86.8 | 83.4 | 88.5 | 85.1 | 86.7 | 86.4 | 86.3 | 82.8
2000 69.8 | 67.7 | 69.2 | 752 | 79.0 | 769 | 77.0 | 784 | 758 | 76.9 | 79.2 | 754|791 | 774 | 786 | 77.2 | 785 | 75.0
4000 56.9 | 571 | 59.1 | 644 | 70.0 | 68.1 | 66.8 | 70.0 | 66.9 | 66.7 | 70.7 | 66.4 | 68.6 | 68.8 | 69.1 | 67.1 | 69.8 | 66.1
6300 476 | 493 | 51.3 | 56.8 | 63.6 | 61.7 | 59.4 | 63.8 | 60.3 | 59.4 | 64.6 | 59.8 | 61.2 | 62.5 | 61.8 | 59.6 | 63.5 | 59.6
10000 | 36.0 | 40.0 | 419 | 478 | 56.8 | 54.4 | 50.6 | 57.0 | 52.6 | 50.7 | 57.9 | 524 | 52.6 | 55.5 | 52.9 | 51.0 | 56.3 | 52.3
16000 | 17.6 | 26.5 | 30.5 | 36.2 | 483 | 451 | 394 | 48.7 [ 43.2 | 39.6 | 49.9 | 43.2 | 41.7 | 46.3 | 41.6 | 39.7 | 476 | 429
25000 1.8 6.0 12.7 | 19.0 | 37.7 | 33.7 | 24.3 |1 38.3 | 31.7 ]| 24.4 | 40.0 | 31.6 | 26.7 | 35.1 | 28.3 | 25.0 | 36.6 | 31.9
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E.1.7

Robinson R-22

Table E-25. R-22 Lsg NPDs.

R-22
Lae | 120 Series (RS=90) | 130 Series (RS=81) 12"333:7"2‘;5 1?333:(;;5 1t(slgss=e;£s 1?2;"7'55
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right| Left |Center|Right
200 85.5 | 86.5 | 86.0 | 858 | 84.9 | 85.6 [84.7| 86.5 | 86.2 |85.2| 85.6 | 85.4 |[85.7| 874 | 85.4 |85.3| 83.3 | 855
400 81.7 | 829 | 824 | 823 | 81.2 | 82.1 [81.1]| 83.1 | 82.8 |81.6| 82.1 |81.7 [82.2]| 83.8 | 81.9 |81.5| 79.3 | 81.6
630 79.2 | 804 | 798 | 79.7 | 78.6 | 79.5 [78.4| 80.6 | 80.4 |[79.0| 79.6 | 79.2 |79.6| 81.2 | 79.4 |78.8| 76.4 | 78.7
1000 763 | 776 | 769 | 768 | 75.7 | 76.6 |756| 78.0 |77.1|76.0| 76.8 | 76.3 |76.7| 784 | 76.6 |75.8| 73.2 | 75.7
2000 714 | 728 | 721 | 71.7 | 70.8 | 71.6 [70.7| 734 |72.8 |71.1| 72.0 |71.5|71.7| 73.6 | 71.7 |70.5| 68.0 | 70.5
4000 65.6 | 669 | 664 | 65.6 | 65.1 | 65.7 |64.7| 67.8 | 67.4 |65.2| 66.2 | 65.8 |66.0| 67.9 | 66.2 |64.4| 62.0 | 64.5
6300 61.1 | 624 | 62.0 | 60.9 | 60.8 | 61.3 [60.4| 63.5 | 63.3 |60.7| 61.9 | 61.5 |61.6| 63.6 | 62.1 [60.0| 57.6 | 60.3
10000 56.1 | 571 | 571 | 55.7 | 55.9 | 56.6 [55.4| 58.5 | 58.4 |55.8| 57.1 | 56.7 |56.8| 58.6 | 57.3 |55.5| 52.9 | 56.0
16000 50.7 | 51.3 | 51.7 | 50.3 | 50.6 | 51.3 [50.2| 52.6 | 52.7 |50.8| 51.8 | 51.4 |[51.9| 53.0 | 52.1 |51.1| 48.3 | 51.7
25000 455 | 46.7 | 471 | 451 | 46.0 | 46.5 [46.1| 47.0 | 47.0 |46.4| 46.8 | 47.0 |47.2| 47.7 | 47.8 |47.3]| 439 | 477
Lae | 210 Series (RS=53) | 310 Series (RS=53) 32283:5":';*5 3?3333;:'39)5 3?3::;;‘*5 35|gss=e5r(|)es
200 86.5 | 849 | 86.0 | 86.8 | 89.3 | 89.8 | 87.0[91.2|90.0 | 88.7 | 89.1 | 90.4 | 86.9 | 89.2 | 89.0 | 84.7 | 89.0 | 87.9
400 82.7 | 81.0 | 822 | 834 | 86.0 | 86.6 |83.8|87.9|86.7 855|859 |87.1[83.4|856|855|81.0|856|84.4
630 80.0 | 784 | 796 | 81.0 | 83.6 | 84.2 | 81.1|855|84.4|83.2|835)|84.8|80.8|83.1|83.0]|785]83.1]820
1000 771 | 754 | 766 | 784 | 811 | 81.3 |78.3 /829 |81.8|80.6 |80.9)|823|78.0|80.1|80.2]|756]805]|79.3
2000 72.0 | 704 | 716 | 739 | 766 | 76.8 | 73.7 | 786 | 774|762 764 | 777|731 |757|754|70.7 759|746
4000 66.2 | 64.7 | 655 | 683 | 71.3 | 711 |68.3|73.2|72.0|70.7 709|722 |67.3|704|69.4|65.0]704 689
6300 62.0 | 60.5 | 609 | 643 | 67.2 | 66.7 | 64.1 |69.2 | 67.7 | 66.6 | 66.6 | 67.8 | 63.0 | 66.2 | 64.9 | 60.8 | 66.0 | 64.5
10000 | 574 | 559 | 56.0 | 59.6 | 62.3 | 614 |59.3 | 644 |62.6 |61.7 615|626 |58.0|61.1|59.5]|56.1]|60.8 594
16000 | 52,5 | 51.2 | 51.0 | 541 | 56.7 | 55.2 | 53.8 | 58.6 | 56.5 | 56.0 | 55.5 | 56.5 | 52.6 | 55.3 | 53.8 | 51.5 | 54.8 | 53.7
25000 | 47.9 | 46.6 | 46.2 | 48.7 | 50.8 | 49.1 |48.8 524 |50.3 |50.2|49.1|50.1|47.6 |49.7 |48.0|47.0|49.3|48.6
Table E-26. R-22 Lagmx NPDs.
R-22
Lasme | 120 Series (RS=90) | 130 Series (RS=81) 1?3::7"2‘;5 1?23355593 1?R°s‘°‘:5’fs 1?3::7"2‘;5
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left [Center|Right| Left |Center|Right
200 80.7 | 821 | 814 | 826 | 79.1 | 81.3 |79.3]| 81.6 | 83.5[79.3| 80.1 | 80.0 |79.1| 80.4 | 80.6 |79.7| 75.1 | 80.1
400 742 | 756 | 749 | 759 | 725 | 748 |72.8| 751 | 77.0 |72.8| 73.4 | 73.4 |72.3| 74.0 [ 74.0 |73.1| 68.3 | 734
630 69.8 | 71.2 | 705 | 714 | 68.1 | 704 [68.4]| 70.7 | 72.5 |68.4| 69.0 | 68.9 |67.8| 69.6 | 69.6 [68.6 | 63.6 | 68.9
1000 65.1 | 66.4 | 65.8 | 664 | 63.3 | 65.7 |63.7| 66.1 | 67.7 [63.8| 64.4 | 64.1 |63.1| 65.1 | 64.9 [63.8| 58.7 | 64.0
2000 575 | 58.8 | 583 | 58.1 | 55.6 | 58.1 [56.2| 58.6 | 59.7 |[56.3| 57.0 | 56.4 |55.5| 57.8 | 57.2 |56.0| 50.7 | 56.0
4000 49.0 | 50.0 | 49.7 | 489 | 47.3 | 49.5 |47.9| 50.2 | 50.8 |47.9| 48.8 | 47.9 |47.0| 49.6 | 49.1 |47.1]| 421 | 47.0
6300 42.8 | 436 | 43.6 | 424 | 41.3 | 43.3 |41.9| 44.0 | 44.7 |41.8| 42.7 | 41.8 |40.9| 43.5 | 43.1 |40.8| 36.1 | 40.6
10000 | 36.0 | 36.4 | 36.7 | 351 | 34.7 | 36.3 |35.2| 37.0 | 37.8 [35.0| 36.1 | 35.2 |34.3| 36.6 | 36.3 [34.0| 29.6 | 34.0
16000 | 28.5 | 285 | 291 | 271 | 27.6 | 28.7 |27.8]| 29.4 | 30.0 [27.5| 28.7 | 28.0 |27.0| 28.7 | 28.8 |27.1| 22.7 | 275
25000 | 21.0 | 20.8 | 21.7 | 195 | 20.7 | 21.2 [20.5] 22.0 | 22.2 |{20.1] 214 | 20.9 |[19.9] 21.3 | 21.2 [21.2| 16.3 | 21.7
Lasmx 210 Series (RS=53) 310 Series (RS=53) 320 Series (RS=53)330 Series (RS=53)340 Series (RS=53)350 Series (RS=50),
200 794 | 775 | 79.7 | 818 | 841 | 84.7 | 81.8|858 |85.6|86.5|87.5|87.2|824(84.5|83.8|77.8)|81.6]|827
400 729 | 709 | 731 | 754 | 77.7 | 784 |753|794|79.280.1|81.0|80.8|758|781|77.2|71.3|752]|76.2
630 68.4 | 66.3 | 686 | 71.0 | 735 | 741 |70.9 | 751|749 |758|76.7 | 764|714 |73.8|728|66.9|70.8]|71.9
1000 63.6 | 616 | 63.8 | 664 | 689 | 69.6 |66.3|70.7 | 703 |71.2|721|71.8|66.7|69.4 |68.1|62.2|66.3]|67.3
2000 55.8 | 53.9 | 56.0 | 58.9 | 61.7 | 62.4 | 58.8 | 63.6 | 63.1 | 63.8 | 64.8 | 64.5|59.0 | 62.2 | 60.2 | 54.6 | 58.9 | 59.8
4000 47.0 | 454 | 471 | 504 | 53.5 | 54.3 | 50.7 | 55.7 | 54.8 | 55.4 | 56.6 | 56.4 | 50.9 | 54.2 | 51.3 | 46.4 | 50.6 | 51.3
6300 40.8 | 39.3 | 406 | 443 | 47.8 | 48.2 | 44.9 |50.0 | 48.8|49.4 | 50.6 | 50.5 | 45.1 | 48.3 | 45.2 | 40.5 | 44.5 | 448
10000 | 34.1 | 32.8 | 335 | 381 | 415 | 414 |38.5|43.5|42.0|42.8|43.843.7[38.7|41.5|38.3|33.9 377|375
16000 | 269 | 259 | 25.9 | 31.0 | 344 | 335 |31.2|36.0|34.1|352|358 358|314 |33.5|30.6|26.7 299|294
25000 | 19.9 | 194 | 18.7 | 236 | 26.7 | 25.0 | 23.6 | 281|259 |27.2|27.2|27.3|23.7|25.0(23.0[19.7 221|217
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Table E-27. R-22 Lgpny NPDs.

R-22
Lepn 120 Series (RS=90) 130 Series (RS=81) [140 Series (RS=72)|150 Series (RS=63)(160 Series (RS=54)|180 Series (RS=72)
Dist. (ft) | Left |Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left |Center|Right| Left |Center|Right
200 89.1 | 89.2 | 89.2 | 889 | 88.3 | 88.6 |88.0| 89.1 | 89.3 |88.6| 88.5 | 88.3 [89.2| 89.9 | 88.8 [89.1| 87.0 | 89.7
400 84.6 | 850 | 85.0 | 851 | 839 | 84.6 |83.8| 85.3 | 85.1|84.4| 845 | 84.3 85.2| 859 | 84.7 [84.8| 824 | 85.3
630 816 | 822 | 821 | 81.8 | 81.0 | 81.7 |80.7| 82.5 | 81.9 |81.3| 81.6 | 81.3 [82.0| 83.1 | 81.6 [81.7| 79.1 | 82.2
1000 783 | 789 | 788 | 784 | 777 | 784 |77.3| 794 | 789 |77.8| 784 |78.0 |78.7| 79.8 | 784 |783| 755 | 78.8
2000 726 | 734 | 734 | 724 | 721 | 728 |715| 743 | 73.8 |721| 729 [ 724 |73.0| 745 | 73.0 |724]| 694 | 72.8
4000 654 | 66.7 | 66.5 | 65.1 | 653 | 65.7 |64.3| 67.9 | 67.6 |64.7| 66.1 | 65.3 |[65.7| 67.7 | 66.3 [64.9| 61.6 | 65.6
6300 594 | 61.1 | 60.7 | 58.8 | 59.5 | 59.9 |58.0| 62.8 | 62.2 |58.5| 60.5 | 59.4 |59.8| 62.1 | 60.6 |58.8| 54.8 | 59.6
10000 518 | 534 | 53.1 | 50.9 | 51.6 | 52.5 |50.5| 55.9 | 56.0 |50.8| 52.8 | 51.6 [52.4| 54.9 | 53.3 [50.2| 45.2 | 51.2
16000 | 41.5 | 421 | 42.9 | 39.7 | 40.1 | 421 |40.2| 46.0 | 45.7 [39.8| 41.9 | 40.7 [89.2| 89.9 | 88.8 [89.1| 87.0 | 89.7
25000 272 | 286 | 252 | 26.3 | 29.2 | 252 |23.8| 31.7 | 322 |27.2| 26.2 | 249 |85.2| 85.9 | 84.7 |[84.8| 824 | 853
Lepn 210 Series (RS=53) 310 Series (RS=53) |320 Series (RS=53)|330 Series (RS=53)|340 Series (RS=53)|350 Series (RS=50)
200 90.0 | 88.6 | 89.3 | 89.7 | 915 | 915 | 90.1 | 93.5|92.8 | 90.9 | 91.1 | 92.3 | 89.7 | 91.0 | 90.7 | 88.0 | 91.0 | 90.2
400 85.7 | 843 | 850 | 857 | 87.7 | 879 [ 86.3|/89.8 |88.8 872|874 |886|856|87.3|87.0]838]|87.2]|864
630 82.6 | 81.2 | 81.8 | 829 | 85.0 | 852 [ 83.6 |87.2 |86.2 |84.6 |84.8|86.0|82.7|84.5|84.1|80.8|84.6|835
1000 791 | 77.8 | 784 | 79.8 | 821 | 82.1 | 80.2 844|832 |81.6 (819 831|794 (814 |81.0]|77.6 816|805
2000 733 | 72.0 | 724 | 742 | 771 | 76.8 | 749 |79.5|782 |76.6 |76.7 | 779 |73.9|76.5|754|71.9|76.6|752
4000 66.0 | 650 | 649 | 67.7 | 709 | 70.2 [ 68.2 | 736 | 719|703 |705|71.4 (669|704 |68.6|64.7|704 |68.6
6300 59.8 | 59.1 | 585 | 624 | 659 | 64.9 | 62.8 | 69.2 | 66.9 | 65.2 | 655 |66.3 | 614|654 |62.9 |58.6 | 652 | 63.1
10000 52.1 | 511 | 50.3 | 555 | 59.7 | 579 | 56.0 | 63.2 | 60.3 | 58.8 | 59.2 | 59.8 | 54.5 | 58.6 | 55.7 | 50.8 | 57.5 | 55.7
16000 413 | 387 | 379 | 465 | 515 | 494 | 46.7 | 54.2 | 51.5|50.5 | 50.0 | 51.2 | 44.7 | 49.2 | 45.3 | 39.8 | 47.3 | 45.7
25000 26.9 | 27.0 | 26.0 | 316 | 394 | 36.1 [ 322|428 |38.9(382|37.2|394 (322|346 |335|274 | 336|286
Table E-28. R-22 LPNTSmx NPDs.
R-22
Lenrsme | 120 Series (RS=90) | 130 Series (RS=81) 1'(‘2835.;;93 1?2::;;” 1?333;’;]495 1?R°SS=°7"295
Dist. (ft) | Left [Center| Right | Left |Center| Right | Left |Center|Right| Left |Center|Right| Left [Center|Right| Left |Center|Right
200 93.7 | 93.7 | 93.7 | 955 | 92.0 | 93.9 |92.5]| 93.8 | 95.0 [92.4| 93.8 | 93.0 |[91.9| 92.6 | 92.6 [93.1| 89.0 | 93.8
400 86.9 | 869 | 87.0 | 881 | 852 | 87.2 |85.0| 87.1 | 88.2 |85.1| 86.2 | 86.1 |84.7| 85.9 | 85.7 [86.1| 81.7 | 86.9
630 823 | 82.2 | 82.3 | 83.2 | 80.5 | 82.5 |80.3| 82.5 | 83.4 |80.3| 81.6 | 81.3 |80.0| 81.3 | 81.1 [81.3| 76.6 | 82.0
1000 773 | 772 | 773 | 778 | 755 | 775 |753| 77.6 | 784 |75.2| 76.7 | 76.1 |75.0| 76.5 | 76.2 [76.1| 71.2 | 76.8
2000 69.0 | 69.0 | 69.2 | 688 | 67.3 | 69.3 [67.3| 69.6 | 70.0 [67.1| 68.7 | 67.6 |66.7| 68.7 | 68.4 [67.5| 62.8 | 68.2
4000 59.4 | 59.7 | 59.9 | 585 | 58.1 | 59.9 |57.8| 60.3 | 60.8 |57.6| 59.4 | 58.1 |57.1| 59.6 | 59.3 [57.8| 52.8 | 58.5
6300 52.0 | 52.8 | 52.7 | 50.8 | 51.1 | 52.6 |50.5| 53.0 | 53.7 |50.4| 52.4 | 50.9 |49.7| 52.8 | 52.2 |50.2| 44.5 | 51.1
10000 | 43.0 | 442 | 434 | 414 | 42.0 | 43.8 |41.5| 446 | 448 |41.2| 431 | 41.8 |40.7| 43.9 | 43.5|40.7| 342 | 417
16000 321 | 314 | 323 | 29.0 | 294 | 32.2 |30.3]| 31.9 | 31.7 [30.1| 31.7 | 29.4 |28.9| 31.8 | 32.0 [27.8| 17.9 | 28.7
25000 143 | 109 | 141 | 105 | 95 15.1 [12.3]| 129 | 142 [{11.8| 124 | 129 [10.9| 13.3 | 15.1 [13.9| 2.7 | 154
Lowrsme | 210 Series (RS=53) | 310 Series (RS=53) | 320 5°ToS SR Y aias SR,
200 923 | 914 | 921 | 94.0 | 958 | 96.0 | 94.9 | 97.9 |97.6 [97.9 |99.3|98.7 |94.2 |96.4|94.8|90.5|93.6 | 93.9
400 853 | 84.4 | 852 | 87.2 | 89.2 | 894 |87.5[91.3/90.9[91.3 926 |92.1|87.6|89.8|88.0|83.7|86.9]87.3
630 80.5 | 79.5 | 804 | 82.6 | 84.6 | 848 | 829 |86.9 |86.4|86.7|88.0)|87.6|83.1|853|83.3|79.0|824]827
1000 753 | 743 | 752 | 776 | 79.8 | 80.0 | 78.0|82.2|81.6|81.8|83.1[827|782|806|782|741|776|77.9
2000 66.8 | 66.2 | 666 | 695 | 721 | 724 |70.2 |74.7 |73.8|73.9|752|75.0|705|73.0]|70.3|66.2|69.8]|70.0
4000 57.0 | 56.7 | 566 | 59.9 | 63.5 | 63.7 | 61.2|66.4 |65.0|65.2|66.3|66.0|616|644|61.2|56.8|61.0|60.8
6300 49.5 | 495 | 488 | 52.7 | 571 | 57.2 | 54.460.3 | 58.4 | 58.6 | 59.9 | 59.4 | 54.8 | 58.2 | 54.2 | 49.6 | 54.3 | 53.8
10000 | 40.1 | 40.3 | 39.1 | 444 | 494 | 496 | 46.2|53.2 |51.0|51.1|52.3|52.0|46.9 |50.2 | 456 | 40.5|454 | 44.6
16000 282 | 271 | 265 | 342 | 40.0 | 39.8 | 359 (424 |40.5[41.4|42.0)|42.4|36.9 394|346 |28.3|33.7 ]334
25000 12.0 8.2 7.0 201 | 275 | 27.3 [ 22.1]30.5)|28.2|29.0|289|305|236|24.0]|179]11.1|15.6]15.9
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E.2  Lag NPD Plots

Presented below are graphical plots of the final integrated procedure Lag NPDs for each
Dynamic Operations measurement series run for each aircraft measured in the Fitchburg
study. Refer to Tables 13 and 14 in Sections 4.1 and 4.2, respectively, for specifics on
the operational characteristics associated with each measurement series. Sound levels
from the centerline and sideline microphones are presented here as aircraft left, center,
and right data.

E.2.1 Maule M-7-235C
Weather conditions during the Maule study resulted in only two measurement series

being completed for this aircraft. Accordingly, data are only presented for the Maule 300
and 400 Series.
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Figure E-1. Maule 300 Series Lag Data (Ref. Spd. = 87 kts.)
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Figure E-2. Maule 400 Series Lag Data (Ref. Spd. = 70 kts.)

E.2.2 Beech 1900D

During processing, the centerline microphone noise data for the 700, 800, and 900
measurement series were found to be contaminated by a poor signal-to-noise ratio.
Therefore, only left-side and right-side NPDs are presented for the 700, 800, and 900
Series.
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Figure E-3. 1900D 300 Series Lag Data (Ref. Spd. = 220 kts.)
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Figure E-5. 1900D 600 Series Lag Data (Ref. Spd. = 160 kts.)
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Figure E-7. 1900D 800 Series Lag Data (Ref. Spd. = 115 kts.)

Figure E-8. 1900D 900 Series Lag Data (Ref. Spd. = 160 kts.)
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E.2.3 Piper Twin Comanche PA-30
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Figure E-9. PA-30 300 Series Lag Data (Ref. Spd. = 165 kts.)
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Figure E-10. PA-30 400 Series Lag Data (Ref. Spd. = 135 kts.)
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Figure E-11. PA-30 500 Series Lag Data (Ref. Spd. = 97 kts.)
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Figure E-14. PA-30 800 Series Lag Data (Ref. Spd. = 87 kts.)
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Figure E-15. PA-30 900 Series Lg Data (Ref. Spd. =97 kts.)
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Figure E-16. PA-31 300 Series Lag Data (Ref. Spd. = 156 kts.)
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Figure E-17. PA-31 400 Series Lag Data (Ref. Spd. = 155 kts.)
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Figure E-18. PA-31 500 Series Lag Data (Ref. Spd. = 105 kts.)
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Figure E-19. PA-31 600 Series Lo Data (Ref. Spd. = 160 kts.)
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Figure E-20. PA-31 700 Series Lag Data (Ref. Spd. = 150 kts.)
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Figure E-21. PA-31 800 Series Lag Data (Ref. Spd. = 120 kts.)
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Figure E-22. PA-31 900 Series Lag Data (Ref. Spd. = 105 kts.)

E.2.5 Piper Warrior PA-28-161
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Figure E-23. PA-28 300 Series Lag Data (Ref. Spd. = 105 kts.)
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Figure E-24. PA-28 400 Series Lag Data (Ref. Spd. = 95 kts.)
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Figure E-25. PA-28 500 Series Lag Data (Ref. Spd. = 79 kts.)
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Figure E-26. PA-28 600 Series Lag Data (Ref. Spd. = 100 kts.)
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Figure E-27. PA-28 700 Series Lag Data (Ref. Spd. = 80 kts.)
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Figure E-28. PA-28 800 Series Lag Data (Ref. Spd. = 70 kts.)
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Figure E-29. PA-28 900 Series Lag Data (Ref. Spd. = 87 kts.)
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Figure E-30. PA-28 1100 Series Lag Data (Ref. Spd. = 105 kts.)

Lae [dBA)
E

%, r‘,‘b ),% {9%
Distance (ft)
[~+—ACLeR ——cCL = ACRight|

Figure E-31. PA-28 1200 Series Lag Data (Ref. Spd. = 105 kts.)
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Figure E-32. PA-28 2000 Series Lag Data (Ref. Spd. = 105 kts.)
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E.2.6 Eurocopter EC-130
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Figure E-33. EC-130 120 Series Lag Data (Ref. Spd. = 115 kts.)
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Figure E-34. EC-130 130 Series Lag Data (Ref. Spd. = 125 kts.)
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Figure E-35. EC-130 140 Series Lag Data (Ref. Spd. = 101 kts.)
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Figure E-37. EC-130 160 Series Lag Data (Ref. Spd. = 76 kts.)
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Figure E-38. EC-130 180 Series Lag Data (Ref. Spd. = 101 kts.)
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Figure E-39. EC-130 210 Series Lag Data (Ref. Spd. = 65 kts.)
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Figure E-41. EC-130 320 Series Lag Data (Ref. Spd. = 65 kts.)
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Figure E-43. EC-130 340 Series Lag Data (Ref. Spd. = 80 kts.)
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Figure E-44. EC-130 350 Series Lag Data (Ref. Spd. = 60 kts.)
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E.2.7 Robinson R-22
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Figure E-45. R-22 120 Series Lag Data (Ref. Spd. = 90 kts.)
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Figure E-46. R-22 130 Series Lag Data (Ref. Spd. = 81 kts.)
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Figure E-47. R-22 140 Series Lag Data (Ref. Spd. = 72 kts.)
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Figure E-48.

R-22 150 Series Lag Data (Ref. Spd. = 63 kts.)
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Figure E-50

. R-22 180 Series Lag Data (Ref. Spd. = 72 kts.)
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Figure E-51.
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R-22 210 Series Lag Data (Ref. Spd. = 53 kts.)
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Figure E-53.

R-22 320 Series Lag Data (Ref. Spd. = 53 kts.)
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Figure E-54. R-22 330 Series Lag Data (Ref. Spd. = 53 kts.)
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Figure E-55. R-22 340 Series Lag Data (Ref. Spd. = 53 kts.)
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Figure E-56. R-22 350 Series Lag Data (Ref. Spd. = 53 kts.)
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E.3  Helicopter Hover Sound Level Data Tables

Helicopter Static Operations test events included Event 410, designed to measure HIGE,
and Event 420, designed to measure HOGE. Ljcq and Lpne NPD data are presented for
the helicopter hover noise at the initial L 0 position (see Figure 15 in Section 6.2 for a
diagram of the helicopter sweep positions), as well as Laeq and Lpn; directivity data for
off-reference orientations. For the EC-130 HIGE and HOGE events and the R-22 HIGE
event, the time-period (t) is ten seconds; for the R-22 HOGE event, the time-period is six
seconds.

E.3.1 Hover In-Ground Effect Data

In Tables E-29 and E-30, Lacq and Lpne NPD data are presented for the EC-130 and R-
22 HIGE helicopter noise at the initial L _0 position (see Figure 15 above for a diagram of
the helicopter sweep positions).

E.3.1.1 Hover Noise-Power-Distance Curves
The HIGE reference altitude for both helicopters was five feet, measured from the bottom
of the helicopter skids.

Table E-29. EC-130 HIGE longitudinal axis NPDs.

Reference orientation L 0 (see Figure 15)

Dist. (ft) Laeqtos Lent10s
200 79.0 92.4
400 72.5 85.4
630 68.1 80.5
1000 63.4 75.2

2000 55.9 67.1
4000 47.6 58.2
6300 41.6 51.8
10000 35.2 443
16000 28.1 354
25000 20.6 16.2

Table E-30. R-22 HIGE longitudinal axis NPDs.

Reference orientation L 0 (see Figure 15)

Dist. (ft) Lpeqtos Lent10s
200 75.1 90.0
400 68.5 82.9
630 64.0 77.8
1000 59.1 72.2

2000 51.3 63.2
4000 42.9 53.9
6300 37.3 46.9
10000 31.4 38.7
16000 25.2 28.7
25000 18.7 6.7

E.3.1.2 Directivity Data

The A-weighted directivity adjustments to be applied to the above EC-130 and R-22
HIGE data for off-reference orientations are presented in Table E-31, along with the
perceived level directivity adjustments, denoted by the symbols ALacq and ALpnry,
respectively. These directivity adjustments may be added to the Lacq and Lpnt NPDs in
Tables E-29 and E-30 to develop directivity adjusted NPDs for HIGE.
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Table E-31. HIGE 360-degree directivity NPD adjustments.

180 [165[150]135[120[105] 90 [ 7560 | 45 [30[15] L [ 15] 30 | 45 [60|75|90 [105]120[135[150]165[180

Rlitjelojiejejofejef{e|{cL|L]|o|R|R|RI|R|IRIR|R|R|R|R|R]|R
EC-130 AL seq1os (dB(A))

9.1 ]6.8[4.4]2.1]2.1]2.0]2.0]0.8]-0.3]-1.5]-1.0]-0.5[0.0] 1.7[3.5]5.2]5.1]5.0]4.9] 4.8 [4.8 [4.7[6.2[ 7.6 [ 9.1
R-22 ALaeqios (dB(A))

0.1 ]1.2]24]35][28]2.1]1.4]1.6]1.7[1.9]1.3]0.6]0.0]0.8[1.7]2.5]2.5]2.6]2.6] 2.7[2.8[2.9]2.0[1.0] 0.1
EC-130 ALpyt10s (dB)

8.9 [71]5.2]3.4|3.4]3.4]3.4]2.0[0.6]-0.8]-0.5]-0.3[0.0[ 1.8 [3.6 [ 5.4 |5.5[5.7[5.8] 5.7 [ 5.6 [ 5.5 | 6.6 [ 7.8 [ 8.9
R-22 ALpyr10s (dB)

15 [2.2]2.8]35]2.7]1.8][1.0]0.9]0.8]0.7]0.5]0.2]0.0[0.9]1.7[2.6[3.0[3.4[3.8]3.9[4.1[4.2]3.3][24] 1.5

E.3.2 Hover Out-of-Ground Effect Data
In Tables E-32 and E-33, Lacq and Lpne NPD data are presented for the EC-130 and R-
22 HOGE helicopter noise at the initial L 0 position (see Figure 15 in Section 6.2 for a
diagram of the helicopter sweep positions).

E.3.2.1 Hover Noise-Power-Distance Curves

The HOGE reference altitude for both helicopters was the main rotor diameter multiplied
by 2.5. This resulted in reference altitudes of 88 ft for the EC-130 and 63 ft for the R-22,
measured from the bottom of the helicopter skids.

Table E-32. EC-130 HOGE longitudinal axis NPDs (Ref. Alt. = 88 ft).

Reference orientation L 0 (see Figure 15)

Dist. (ft) Laeq10s Lentios
200 83.6 95.4
400 77.2 88.6
630 72.8 83.8
1000 68.1 78.6
2000 60.4 70.2
4000 51.4 61.1
6300 44.8 54.9

10000 37.5 47.6
16000 29.9 38.1
25000 22.5 23.1

Table E-33. R-22 HOGE longitudinal axis NPDs (Ref. Alt. = 63 ft).

Reference orientation L 0 (see Figure 15)

Dist. (ft) LAﬂG_s LPegGs
200 80.3 94.3
400 73.7 87.2
630 69.0 82.3
1000 64.1 76.8
2000 55.8 67.3
4000 46.4 56.2
6300 39.7 48.6

10000 324 39.5
16000 25.1 25.4
25000 18.5 6.7
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E.3.2.2 Directivity Data
The A-weighted directivity adjustments to be applied to the above EC-130 and R-22
HOGE data for off-reference orientations are presented in Table E-34 along with the

perceived level directivity adjustments, denoted by the symbols ALacq and ALpnry,
respectively. These directivity adjustments may be added to the Lacqe and Lpnti NPDs in
Tables E-32 and E-33 to develop directivity adjusted NPDs for HIGE.

Table E-34. HOGE 360-degree directivity NPD adjustments.

180 165 150 135 120 105 90 [75]60[45[30]15] L [15|30]45]60 7590 (105/120{135[150[165]180

R L L LicjelejL|{L]|o|/R|R|R|R|R|R|R|R|R|R|R]|R
EC-130 ALAQ_‘,& (dB(A

6.4 |5.6[4.8]4.0]4.5[5.0]5.5]5.2]4.9]4.6]3.1[1.5]0.0]0.3]0.7]1.0]0.6]0.3]-0.1]0.9]2.0]3.0]4.1]5.3]6.4
R-22 AL eqss (dB(A))

1.0 [0.7]0.3]0.0[-0.1]-0.1]-0.2]-0.6]-1.1]-1.5]-1.0[-0.5]0.0]-0.1]-0.1]-0.2]-0.2]-0.3]-0.3] 0.3 [ 0.8 [ 1.4 [ 1.3[ 1.1 [ 1.0
EC-130 ALpx110; (B)

6.4 [6.1]5.9]5.6[5.9]6.2]6.5]6.1[5.7]5.3]3.5]1.8]0.0]0.8]1.7][2.5[2.2]2.0[1.7][2.9]4.2]5.4]5.7]6.1]6.4
R-22 ALpnrs, (dB)

1.9 [1.3]0.7]0.1]0.0]0.0[-0.1]-0.8]-1.5]-2.2]-1.5[-0.7]0.0] 0.2] 0.3[ 0.5 [ 0.4 [0.2]0.1] 0.7 1.2[1.8[ 1.8[ 1.9 1.9

E.4  Helicopter Idle Data

The parameters for the helicopter Flight Idle and Ground Idle events are described in
Table 15 in Section 4.3. The NPDs presented in Table E-35 were constructed using 10-
second equivalent continuous A-weighted and perceived sound pressure levels, Lacqios
and Lpnr10s.

Table E-35. Helicopter idle NPD curves.

EC-130 | EC-130 R-22 R-22
Ground | Flight | Ground | Flight
Lacgtos
Dist. (ft) dB(A) dB(A) dB(A) dB(A)
200 64.7 745 59.2 69.4
400 58.1 68.0 52.9 63.1
630 53.7 63.5 48.6 58.9
1000 49.1 58.6 44.2 54.5
2000 41.9 50.8 375 47.7
4000 344 42.3 30.5 40.6
6300 29.2 36.5 25.6 35.7
10000 23.5 30.4 20.5 30.2
16000 17.0 23.7 15.0 241
25000 9.8 16.6 9.4 17.6
LPNT105
Dist. (ft) dB dB dB dB
200 79.9 88.7 76.7 85.0
400 72.8 81.6 69.1 78.1
630 67.4 76.7 63.7 73.3
1000 62.0 71.3 57.8 68.2
2000 53.0 62.3 471 59.8
4000 41.6 52.9 34.2 50.7
6300 33.6 45.7 23.9 43.9
10000 24.9 36.4 10.6 37.6
16000 6.0 26.8 6.1 28.0
25000 6.7 6.7 6.7 6.7
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The Lacqios and Lentios HIGE directivity adjustments in Table E-31 may be applied to the
EC-130 and R-22 Flight Idle and Ground Idle data for off-reference orientations. These
directivity adjustments may be added to the NPDs in Table E-35 to develop directivity-
adjusted NPDs for Flight Idle and Ground Idle.
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APPENDIX F: SPECTRAL CLASS PROCESSING INFORMATION

The INM utilizes spectral data for some of its calculations, e.g., atmospheric absorption.
Accordingly, representative spectral data are presented for each Dynamic Operations
measurement series for which data were collected. Provided below is the 1,000-ft LFO,
APP, and DEP adjusted spectral information used to determine each aircraft’s LFO, APP,
and DEP spectral classes. Each spectrum was generated from Dynamic Operations noise
data collected during LFO, APP, and DEP events. These data were adjusted to 1,000 ft in
VCAF’s FAR 36 processing software, grouped by configuration and power settings, and
arithmetically averaged together. Each spectrum has been normalized to 70.0 dB at 1,000
Hz per the methodology employed in Reference 7. The INM spectral class assignments
determined for these aircraft are listed in Table F-1.

Table F-1. INM spectral class assignments.

Aircraft Operation Spectral Class Assignment

DEP 113

PA-30 APP 213
LFO 213

DEP 109

PA-31 APP 213
LFO 112

DEP 113

PA-28 APP 213
LFO 213

DEP 109

1900D APP 213
LFO NA

DEP ND

Maule APP ND
LFO 112

DEP 116

EC-130 APP 217
LFO 303

DEP 115

R-22 APP 217
LFO 303
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Piper Twin Comanche PA-30

F.1

Figure F-1. PA-30 average 1000-ft 600 Series APP spectrum (normalized)
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Figure F-2. PA-30 average 1000-ft 500 Series DEP spectrum (normalized)
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Figure F-3. PA-30 average 1000-ft 300 Series LFO spectrum (normalized)
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Piper Navajo Chieftain PA-31-350
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Figure F-4. PA-31 average 1000-ft 600 Series APP spectrum (normalized)
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Figure F-5. PA-31 average 1000-ft 500 Series DEP spectrum (normalized)
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Figure F-6. PA-31 average 1000-ft 300 Series LFO spectrum (normalized)
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Piper Warrior PA-28-161
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Figure F-7. PA-28 average 1000-ft 600 Series APP spectrum (normalized)
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Figure F-8. PA-28 average 1000-ft 500 Series DEP
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Figure F-9. PA-28 average 1000-ft 300 Series LFO spectrum (normalized)
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F.4  Beech 1900D
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Figure F-10. 1900D average 1000-ft 600 Series APP spectrum (normalized)
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Figure F-11. 1900D average 1000-ft 500 Series DEP spectrum (normalized)
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Figure F-12. Maule average 1000-ft 300 Series LFO spectrum (normalized)
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Eurocopter EC-130
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Figure F-13. EC-130 average 1000-ft 310 Series APP spectrum (normalized)

Figure F-14. EC-130 average 1000-ft 210 Series DEP spectrum (normalized)
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Figure F-15. EC-130 average 1000-ft 120 Series LFO spectrum (normalized)
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Robinson R-22
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Figure F-16. R-22 average 1000-ft 310 Series APP spectrum (normalized)
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Figure F-17. R-22 average 1000-ft 210 Series DEP spectrum (normalized)
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Figure F-18. R-22 average 1000-ft 120 Series LFO spectrum (normalized)
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APPENDIX G: INM DATABASE TABLES

G.1 Propeller-Driven Aircraft Database File Formats

Instructions on how to build the necessary INM database tables, including
AIRCRAFT.DBF, NOIS_GRP.DBF, NPD_CURV.DBF, PROFILE.DBF,
PROF_PTS.DBF, PROCEDUR.DBF, FLAPS.DBF, and THR PROP.DBF, can be found
in Appendices E and F of the INM User’s Guide (Reference 5). Included in the attached
CD-ROM are completed versions of these files constructed using Fitchburg NPD data
from Appendix E and the aircraft performance data presented for the Maule M-7-235C,
Twin Comanche PA-30, Navajo Chieftain PA-31-350, Warrior PA-28-161, and Beech
1900D in Appendix A. As discussed in Section 6.0, each measurement series NPD was
generated from Dynamic Operations noise data collected during one to six DEP, APP, or
LFO events. These data were adjusted in VCAF’s FAR 36 processing software, grouped
by configuration and power settings, and arithmetically averaged together.

The INM 6.0 series (consist with SAE-AIR-1845) uses a single NPD set that varies only
with power state. For this reason, the centerline NPD curve is selected as the
representative NPD to calculate propeller-driven aircraft noise.

G.1.1 Database Table Notes

G.1.1.1 NPD_CURV.DBF Reference Speed Duration Adjustment

As discussed in Section 6.0, INM NPDs for exposure-based noise metrics are derived for
a reference speed of 160 kts. The propeller-driven aircraft and helicopter NPD noise
metric information contained in the NPD CURV.DBF files described in this appendix
and found on the included CD-ROM are the only data in this report which have been
adjusted to a reference speed of 160 kts.

G.1.1.2 PROFILE.DBF Spectral Class Information

The spectral class information included in the PROFILE.DBF file is based on an analysis
of adjusted 1,000-ft. spectra. These spectra, presented in Appendix F, consist of actual
Fitchburg data, and, as discussed in Appendix F and Reference 7, are used by the INM to
perform calculations which require spectral data, e.g., atmospheric absorption.

G.1.2 INM vs. As-Measured L,g Data

As a check of reasonableness, centerline microphone field measurement data collected
for the propeller-driven aircraft were compared with INM, Version 6.1 predictions for
single event DEPs, LFOs, and APPs. The Lag results from these sensitivity tests are
presented in Figures G-1 through G-5. In general, there was very good agreement
between the INM predictions and the as-measured data. The INM generally produced
sound levels within about 2.0 dB(A) of the as-measured data.
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Figure G-1. Maule INM vs. Measured centerline Lag comparison
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Figure G-2. PA-30 INM vs. Measured centerline Lag comparison
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Figure G-3. PA-31 INM vs. Measured centerline Lag comparison
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Figure G-4. PA-28 INM vs. Measured centerline Lag comparison
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Figure G-5. 1900D INM vs. Measured centerline Lag comparison
G.2  Helicopter Database File Formats

G.2.1 INM Version 6.1 vs. As-Measured L g Data

Database files containing helicopter NPD and performance characteristics data were
distributed with INM Version 6.0c to facilitate simplified, uniform modeling of
helicopter operations in INM. In keeping with the modeling technique used in the
database file containing helicopter NPD data, nominal thrust settings (THR _SET) of 1, 2,
and 3 were assigned to the three R-22 and EC-130 DEP, APP, and LFO NPDs contained
in the Fitchburg NPD_CURV.DBEF file. The characteristics of these NPDs are described
in Table G-1.

G-3



Table G-1. Thrust setting identifiers in INM Fitchburg helicopter modeling.

EC-130 R-22
Ref. Ref.
Operation | Thrust Descent | Thrust | Ref. Speed Descent
Mode Setting Ref. Speed (kts) Angle | Setting (kts) Angle
(degrees) (degrees)
APP 1 65 (Vy') 3 1 53 (Vy) -3
APP 2 65 (Vy) -6 2 53 (Vy) -6
APP 3 65 (Vy) -9 3 53 (Vy) -9
DEP’ 1 65 (Vy) NA 1 53 (Vy) NA
DEP 2 65 (Vy) NA 2 53 (Vy) NA
LFO 1 113.4 (0.9%Vy'"") NA 1 91.8 (0.9%Vp) NA
LFO 2 113.4 (0.9*Vy) NA 2 91.8 (0.9*Vy) NA
LFO 3 113.4 (0.9*Vp) NA 3 91.8 (0.9*Vyp) NA

Centerline microphone field measurement data collected for the Eurocopter EC-130 and
Robinson R-22 helicopters were compared with INM, Version 6.1, predictions for single
event DEPs, LFOs, and APPs. The Lag results from these sensitivity tests are presented
in Figures G-6 and G-7. Excellent agreement is illustrated between the INM predictions
and the as-measured data. The INM generally produced sound levels within about 2.0
dB(A) of the as-measured data.
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Figure G-6. EC-130 INM vs. Measured centerline Lag comparison
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¥ Vy = speed for best rate of climb, 65 kts for the EC-130 and 53 kts for the R-22
? Though the INM requires at least two departure NPD curves, only one departure NPD curve was
measured. Therefore, the departure NPD curve was duplicated in the INM.
1 V,;= maximum speed in level flight with maximum continuous power, 126 kts for the EC-130 and 102
kts for the R-22
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Figure G-7. R-22 INM vs. Measured centerline L g comparison

G.2.2 Helicopter Data for INM 7.0

Consistent with the data collected in the Rainbow reports (Reference 9), INM 7.0 will
include data identified in Section 4.0 of this report. This includes additional NPDs to
account for directivity, 360-degree directivity patterns for static operations, and a blade
tip mach number correction to account for source noise effects directly related to speed.
DIRECTIVITY.DBF, HELICOPTER.DBF, and NPD HELO.DBF are database files
containing helicopter-specific noise and operational data. These database files were
developed using EC-130 and R-22 noise NPDs and hover noise and performance data,
and have been included in Appendix G for completeness. As with the propeller-driven
aircraft NPDs, each helicopter measurement series NPD was generated from Dynamic
Operations noise data collected during one to six DEP, APP, or LFO events. These data
were adjusted in VCAF’s FAR 36 processing software, grouped by configuration and
power settings, and arithmetically averaged together according to the procedures given in
Section 5.0. NPD_HELO.DBF includes left-side, center, and right-side NPDs, which
will be fully utilized in INM 7.0.






AFE
AGL
APP
ASCII
DAT
dB
dB(A)
DBF
DEP
EPR
FAA
FIT
FPM
ft
GLB
HNM
hp

hr
IAS
IFR
in-Hg
INM
ISA
KCAS
KIAS
KTAS
kts
LAk
LAeqt
LASmx
1b

Lepn
LFO
LpNTSmx

Lpnte
MAP

MGTW
mm
MSL
N1

nmi
NPD
NPS
ROC

APPENDIX H: ACRONYMS AND ABBREVIATIONS

Airport Field Elevation

Above Ground Level

Approach

American Standard Code for Information Interchange
Digital Audio Tape

Decibel, a unit of noise level or noise exposure level
Decibel with A-weighting applied

dBase IV database file format

Departure

Engine Pressure Ratio

Federal Aviation Administration

Fitchburg Municipal Airport

Feet Per Minute

Feet

GLB Electronics, Inc. (Buffalo, New York)

Heliport Noise Model

Horsepower

Hour

Indicated Airspeed

Instrument Flight Rules

Inches of Mercury

Integrated Noise Model

International Standard Atmosphere

Knots Calibrated Airspeed

Knots Indicated Airspeed

Knots True Airspeed

Knot(s)

Sound exposure level

Time-period, equivalent, continuous, A-weighted sound pressure level
Maximum, slow-scale, A-weighted sound level
Pound(s) force or weight

Effective perceived noise level

Level Flight

Tone-adjusted, maximum, slow-scale, perceived noise level
Time-period, equivalent, continuous, perceived noise level
Manifold Pressure

Maximum Gross Takeoff Weight

Millimeter

Mean Sea Level

Low pressure rotor speed as a percentage of a reference speed
Nautical Miles

Noise-Power-Distance

National Park Service

Rate of Climb



Revolutions Per Minute

Runway

Second

Transportable Automated Meteorological Station
Time-Space-Position Information

Volpe Center Acoustics Facility

Visual Flight Rules

Maximum speed in level flight with maximum continuous power (kts)
John A. Volpe National Transportation Systems Center

Speed for best rate of climb (kts)





